
Sperry Airborne Anti-Collision System Displayed 




ANCHOR FOR 7.5 MILLION POUNDS OF THRUST Now under construction for 

the National Aeronautics and Space Administration at Marshall Space Flight Center, the Saturn Static 
Test Stand, largest in the Free World. Designed by AETRON under the direction of the Corps of Engineers, 
U. S. Army Engineer District, Mobile, Alabama. 
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REDUCES THE INSTALLED 
COST OF FASTENERS 




airliners. Basically, though, the 
engineers to obtain a lower insta 
when compared to collar swaged 


: Hi-Lok was selected by Boeing si 
tailed cost and for its high preload c; 


™ Li'lslj adaptor tooling 


The installed cost of the fastener 
install and inspect as well as the 
tag of assembled structure. 

Versatility of Hi-Lok installation tooling p 
areas not feasible to other fasteners. This 
marriage of Hi-Lok adaptor tools 
bulky, single-purpose power eqi ' 

In open structural areas. Hi-Loks 
Hi-Lok collar-feed tooling. This ; 

Lok collars on Hi-Lok pins withe 
In fastening dissimilar materials •. 
and metals, the Hi-Lok is ideal because of its fundamental concept to con- 
trol preload, eliminating the risk of crushing or crazing of softer materials. 
For these reasons plus ease of installation, the Hi-Lok Fastener has become 
officially approved for naval n 










UNIQUE 

SYSTEMS 

CAPABILITIES 


Systems project managers can save time and money, 
achieve operational hardware faster, by working with 
experienced design and production teams. 

Reeves' comprehensive experience in the fields listed has resulted 
in many pioneer achievements. This experience, combined with extensive, 
smoothly operating production and test facilities, permits us 
to take on major assignments. 

A review of what Reeves has done, is doing, and can do, will demonstrate the 
re character of our capabilities ... for systems, subsystems, assembly and component 
development, engineering, production, supply and field service. Data file 704 on request. 
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AEROSPACE CALENDAR 

Apr. 22-23— Annual Meeting, National 
Aeronautical Services Assn., Washing- 
ton, D. C. 

Apr. 22-24— Second Manned Space Flight 
Symposium, A1AA/NASA, Marriott Ho- 
tel. Dallas. Tex. 

Apr. 22-24-Third Annual San Diego Sym- 
posium for Biomedical Engineering, Del 
Webb's Oceanhonse. San Diego. Calif. 

Apr. 22-25— 10th Weather Radar Confer- 
ence, American Meteorological Society. 
International Inn. Washington, D.C. 

Apr. 23-25— Hypersonic Ramjets Confer- 
ence, AIAA/ASME. Naval Ordnance 
Laboratory, White Oak, Md. (Secret) 

Apr. 23-25-National Conference on Elec- 
tromagnetic Relays, Oklahoma State Uni- 
versity, Stillwater. Okla. 

Apr. 25-26— Annual Convention, Society of 
American Value Engineers, Americana 
Hotel. New York. N.Y. 

Apr. 29-30-1963 Spring Meeting, Western 
States Section/The Combustion Institute. 
Vacation Village Motel, San Diego, Calif. 
Sponsor: General Dynamics/ Astronautics. 

Apr. 29-May 2— 34th Annual Scientific 
Meeting, Aerospace Medical Assn., Stat- 
ler Hilton Hotel, Los Angeles, Calif. 

Apr. 29-May 2— 22nd Annual National Con- 
ference, Society of Aeronautical Weight 
Engineers, Sheraton-Jefferson Hotel, St. 
Louis, Mo. 

Apr. 29-May 2— Spring Meeting, United 
(Continued on page 7) 
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total survival system 


Take a look at this protective suspension for Norden’s shipboard inertial platform. 
Never before has a mounting system controlled such large shock forces in so little 
space. ■ Lord engineering is responsible for the design. And for its unprecedented 
performance which insures equipment survival and accurate operation after massive 
shocks. ■ System accomplishments: dramatic reduction of 500 to 1000 G shock inputs, 
with only 6 to 7 G transmitted to the inertial navigator. Returnability within 1 ' of angle. 
Effective isolation of 5 to 33 cps vibrations. ■ You may not need as complex a protective 
system. But whatever your requirement, you can expect more from Lord— hr Lord 
capability is a matter of record. Contact: Lord Manufacturing Company, Erie, Pa. Field 
Engineering Offices in principal cities. InCanada: Railway &PowerEngineeringCorp., Ltd. 
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(Continued from page 5) 

States National Committee of In 
tional Scientific Radio Union (URSI). 
National Academy of Sciences. National 
Research Council, Washington. DC. 
Apr. 29-May 3-Annual Conference. Societv 
of Photographic Scientists and Engincci 
Ambassador Hotel, Atlantic City; N. 
Co-sponsor; Army Research Office". 

May 1-Fifth Lester D. Carr' ’ 


Sperry. Jr.. 


Al M lanC 

chuscttsVnstitute^of fwhnologv”’ ^ 

May 1-3— 19th Annual National F 
American Helicopter Society, Sheraton 
Park Hotel, Washington, D.C. 

May 1-9-Third National Conference on the 
Peaceful Uses of Space. Chicago, III. 
Sponsors: NASA; Committee for Eco- 
nomic and Cultural Development of 
Chicago. 

May 2— Manned Space Laboratory Confer- 
ence, AIAA/Aerospacc Medical Assn., 
Statler-Hilton Hotel, Los Angeles, Calif. 

May 2-3— Fourth National Symposium on 
Human Factors in Electronics. IEEE, 
win Bridges Motel. Washing- 


ton, D. C. 

May 2-5— Internal 
ing Display. B 
England. 

May 5-8-1963 A 


al Travel Fair and Fly 


i Hill ! 


irport, Ken" 


nual Conference, Ameri- 
can Assn, of Airport Executives, Galt 
Ocean Mile, Beach Club and Coral Ridge 
Hotels, Fort Lauderdale. Fla. 

May 6-8— Aerospace Reliability and Main- 
tainability Meeting. AIAA/ASME/SAE, 
Washington, D. C. 

May 6-9— Ninth Annual Aerospace Sympo- 
sium. Instrument Society of America, 
lack Tar Hotel, San Francisco. Calif. 

May 7-9— Electronic Components Confer- 
ence, Institute of Electrical and Electron- 
ics Engineers, International Inn, Wash- 
ington. D.C. 

May 8-9— 60th Meeting, National Aerospace 
Standards Committee of the Aerospace 
Industries Assn., Hotel Roosevelt, New 
York, N. Y. 

May 8-10-Spring Meeting. Society f< 


\nalysis. Hot! 


Ben- 


jamin Franklin. Seattle, 

May 9-10-Quarterly Regional Meeting. 
Assn, of Local Transport Airlines. Fort 
Worth. Tex. 

May 13-15-National Aerospace Electron- 
ics Conference. IEEE/AIAA, Dayton, 
Ohio. 

May 15-16— Fourth Annual Symposium on 
High Speed Testing, Hotel Somerset, Bos- 
ton. Mass. Sponsor: Plas-Tcch Equip- 

May 1 5-17— Connecticut General Flight 
Forum’s Second National Symposium on 
Air Transportation, Hartford, Conn, 

May 16-Sccond Annual Management Con- 
ference on Marketing in the Defense In- 
dustry, American Marketing Assn., Boston 
College Campus. Boston, Mass. 

May 20-22-1 7th Annual Convention and 
Exhibit, American Society for Quality 
Control, Sherman House, Chicago. III. 

May 20-22— National Symposium on Micro- 
wave Theory and Techniques, Institute 
of Electrical and Electronics Engineers, 
Miramar Hotel, Santa Monica, Calif. 

(Continued on page 9) 
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THIS HIGH SPEED ASSEMBLY UNAFFECTED 
BY EXTREMES OF ACCELERATION AND 


TEMPERATURE En 2' neers find rewarding opportunity for accomplish- 
ment at Sundstrand Aviation-Denver n For example: 
In the design of high speed, high temperature, high energy turbine machinery for 
certain models of their dynamic space power systems, Sundstrand engineers solved 
the problems associated with acceleration and extreme temperature gradients i The 
result is the multi-stage single-disc turbine pictured above ■ Here, the turbine shaft, 
an integral part of the turbine disc, is supported on two angular-contact, pre-loaded 
ball bearings ■ Loss of preload on the bearings is prevented by the sleeves whose 
material was selected to provide expansion equal to that of the turbine shaft during 
the heating transients after startup ■ Spacing between the preload sleeves permits 
one bearing to pick up an acceleration thrust load from vehicle maneuvers without 
unloading the other bearing • This also makes possible accurate positioning of the 
turbine wheel and maintenance of close tolerances between turbine wheel and 
pressure stages ■ 


Lubrication and cooling is provided by jets of oil impinging on each bearing ~ A 
face-type seal prevents loss of oil at the turbine wheel hub and prevents mixing of 
the prime-mover gases with the lubricant supply ■ Normal operating speed for this 
application is 60,000 RPM ■ 


Sundstrand is continually looking for talented engineers ■ If you are interested ir 
working with advanced technical groups on chemical and solar space 
power systems, write our Director of Personnel ■ For more detailed 
product information simply direct an inquiry on your company letterhead 
to: Manager, Applications Engineering * 


SUNDSTRAND 

AVIATION • DENVER 

A DIVISION OF SUNDSTRAND CORPORATION . AN EQUAL OPPORTUNITY EMPLOYER 

2480 WEST 70TH AVE„ DENVER 21, COLO. 

FACILITIES IN: DENVER, COLORADO AND ROCKFORD, ILLINOIS 
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On critical applications when only the best 
(Consumable Vacuum Melted) steels and alloys fi 
Alloys Steel Company. Our CVM label is your a: 
surpassed quality and purity. 

To begin, our steels are melted wider stringent 
tice in order to insure electrodes of the highest qua: 


the same grades produced in other furnace 
Today, the aircraft and missile industrie 
value of CVM steels with their higher stren 
liness, with subsequent critical weight sav 
life. Why not see how CVM ce 
Our sales and metallurgical depa 
your requirements. 


ing a wide variety of alloys has 
it structural quality from each 
arly report higher physicals 
lr melts as compared with 


enjoying the extra 
id improved clean- 
and higher fatigue 
ial steel problems? 
ie pleased to discuss 
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The Stokes Space System Department has been 
named prime contractor for the design and installa- 
tion of three new space environment simulation 
chambers, key elements in Douglas Aircraft Cor- 
poration’s privately financed Space Systems Center 
at Huntington Beach, California. The largest and 
most technically advanced space-test laboratory on 
the West Coast, the Center will be an integral part of 
Douglas’ Missile and Space System Division. 

The largest chamber, 39 ft. in diameter, will be 
capable of testing fully assembled vehicles scheduled 
for manned flight. It will be used in the Saturn 
program, and in the development of lunar and plane- 
tary probe vehicles. The Stokes systems will repre- 
sent the most advanced state-of-the-art on comple- 
tion, and are designed for updating to even higher 
simulation parameters in the future. Stokes units 
similar to these are now achieving vacuums in the 
10 10 Tori, range. High-speed cryopumping on all 
three chambers at 20°K will assure the attainment 


of true orbital vacuums, even under high gas loads. 
Stokes has assigned CryoVac, Inc. the design, fabri- 
cation and installation of cryogenic systems, and 
named Pittsburgh-Des Moines Steel Company to 
furnish and erect the large steel sphere. 

A deciding factor in the selection of the prime con- 
tractor was Stokes' experience in designing and 
building large, first-of-a-kind space test facilities, 
such as those installed at G.E.’s Space Technology 
Center. Another was Stokes’ related background in 
space vacuum and cryogenics, as represented by 
General Electric’s and Goddard’s SES and DTC 
systems. To this experience, Stokes adds its long 
and successful history in the development of large- 
scale industrial equipment utilizing ultra-high vac- 
uum, thorough engineering design and coordination, 
fabrication facilities, and field erection service . . . 
an integrated, start-to-finish capability unique in the 
entire area of space environment simulation. Space 
Systems Department, F. J. Stokes Corporation, 5500 Tabor 
Road, Philadelphia 20, Pa. 


F. J. STOKES CORPORATION: PHILADELPHIA / LONDON / TORONTO 


STOKES 
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Beech -built "missing link" ends make-believe training 

KD2B-1, now being produced under U. S. Navy contract, is 
another example of Beech’s systems management capability 


The Beech KD2B-1 — shown above — is America’s 
first missile target system to match the performance 
of the fastest enemy jets. It ends the need for target 
towing, faking, or simulation of any sort. By match- 
ing actual supersonic aircraft speeds, altitudes and 
target characteristics, it makes possible low-cost 
realistic training. It can evaluate proficiency of every 
advanced weapons system, including radar-directed 
and heat-seeking missiles. 

But weapons evaluation is only one of the many 
jobs the Beech KD2B-1 is capable of doing. It has 
capabilities for use as an inexpensive operational 



missile. Its payload capacity and low-maintenance de- 
sign fit it admirably for a wide range of tactical missions. 

The KD2B-1 is easily adaptable to air-launching, 
surface-launching, or ship-launching with existing 
equipment. It is capable of Mach 2 speeds at 70,000 feet 
and Mach 3 speeds at 100,000 feet. 

Designing, developing and building missile sys- 
tems is one of the many elements that make up the 
comprehensive Beech capability. It’s one reason Beech 
is prepared to undertake complete systems manage- 
ment responsibilities for a wide range of space-age 
projects. 
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Garrett- AiResearch 

OVERHAUL and REPAIR 


QUALITY 

• All parts to support our many product 

lines are made by Garrett-AiResearch 
under the same high quality control con- 
ditions as in the original manufacture. 

• Highly skilled personnel are specially 

AiResearch products. 

• Finest factory and test facilities avail- 
able at each of our manufacturing 
centers— FAA approved. 

• 90-day warranty after first use, or 180- 
day warranty after delivery. 

• Analytical engineering programs gener- 
ate product improvements to extend time 
between overhaul and reduce operating 
costs. 

• Experience — a quarter century in estab- 
lished product lines. 


COST 

• Lower cost because of established fac- 
tory controls, high volume, and inti- 
mate technical knowledge of our own 
products. 

• Established price lists that enable you to 

SERVICE 

• Ten-day turn-around on all equipment. 

• Unit exchange programs for gas tur- 
bines and other Garrett-AiResearch 
equipment on certain corporate aircraft. 

• 100 field service engineers on immediate 
call throughout the world. 

• Backed up by total support program 
(spares inventory, technical publica- 
tions, training programs, etc.). 

Please direct your inquiries to Support 

Services at any of the divisions listed 


H AIRESEARCH MANUFACTURING DIVISION • Los Angeles 9, California 

AIRESEARCH MANUFACTURING DIVISION OF ARIZONA • Phoenix 34, Arizona 
GARRETT MANUFACTURING LIMITED • Toronto. Ontario, Canada 


RCA-A2696 



RCA-A15038 


RCA SUPER-POWER COAXITRONS 


Integral Circuitry Offers Pulse-to-Pulse Frequency 
Agility as a Result of Inherent Broad Bandwidth 


The Coaxitron is an electronic concept that 
integrates the radio-frequency input and out- 
put circuitry, high-voltage blocking circuit, 
and the gridded tube structure. The integral 

high efficiency, broad bandwidth, high power 
gain, and high reliability. 

The RCA family ofCoaxitrons now includes 
three developmental types-A15038, A15048, 
and A2696. These tubes are suited to a variety 
of systems applications including long-range 
radars, broad-band multichannel communica- 
tions, and particle accelerators. These tubes 


excel wherever operation in a counter-meas- 

broad bandwidth permits pulse-to-pulse fre- 
quency variation without tuning. 

The RCA-A15038 was developed by RCA 
under contract to the Rome Air Development 
Center. The RCA-A2696 was developed by 
RCA under contract to the Bureau of Ships, 
U.S. Navy. 

For further information, consult your RCA 
Industrial Tube Representative, or write: 
Marketing Manager, Industrial Tube Products, 
RCA Electron Tube Division, Lancaster, Pa. 



The Most Trusted Name in Electronics 








on target with modern turbine power: In production since 1955 and to continue for many years 
under current military planning, Allison’s T56 turboprop powers the C-130 transport for the USAF, Ma- 
rines, Coast Guard and Navy; the USN P3A sub killer, and the E2A AEW. Soon, with air-cooled turbine 
blades, the T56 will be even mightier and still more sparing in use of fuel. The T56 is one more example 
of on target performance in aerospace programs involving nuclear, solar and chemical energy conversion. 


. \Hison I 
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How to move a space launch vehicle from assembly and checkout to the launch complex 
ready for firing. In solving mobility problems such as this. Clark Equipment 
Company applies more than 60 years' experience in power transmission, material 
handling and transportation equipment development and manufacture. Only Clark has 
this unity of demonstrated capability. Invite Clark Equipment Company to participate 
in an operations analysis, product or systems development approach to your mobility 
problem. Write or call Manager. Clark Development Division, Clark Equipment Company. 
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A small squirt from a vent valve in a dark corner of space . . . 

. . . evidence of Pesco cryogenic components at work. Advanced models of vent valves, 
boost pumps, chilldown pumps, and submersible AC and DC cryogenic electric motors 
are on the test stands at Pesco’s own cryogenic laboratory right now. If you would like 
to receive periodic reports on Pesco’s progress in cryogenic components development, 
send your name and address to . . . 


PESCO PRODUCTS DIVISION 
Borg-Warner Corporation 

EXPORT SALES: Borg-Warner Internation 


24700 North Ml 
al Corp., 36 Sout 


is Road • Bedford, Ohio 
i Wabash Ave., Chicago 3, HIM 




Need a replacement for 
obsolescent communications? 

From tin cans to laser systems, the path of communi- 
cations has transcended language, wars and centuries. 
On the ground, at sea, in the air . . . and now in 
space . . . the system of today has always become 
the tin can of tomorrow. □ For more than a decade, 
research and development by Electronic Communica- 
tions, Inc., has helped set the pace in advanced and 
reliable communication. Among ECl's significant 
achievements are -the first UHF airborne multiplex 
system, the first self-focusing multiple-element an- 
tenna array, the first airborne 50-watt UHF command 
set, the first demonstration of unequal array spacing 
techniques, the first airborne 1-kilowatt servo-tuned 
UHF transmitter and the first development of a one- 
millimeter superheterodyne radiometer. □ If your 
communications system is losing the battle of time, 
take advantage of ECI research and development . . . 
it may dramatically improve your present methods. 
To find out what’s new in communications . . . 


Ask 




Accelerometry for missiles and space systems. From the 16 PIP, designed by MIT and now in quantity 
production— to the Three Axis and Free Surface accelerometers, undergoing military evaluation— to the 
SPIDA (Sperry Pendulous Integrating Digital Accelerometer) and PIDA (Pneumatic Integrating Digital 
Accelerometer) presently in development, Sperry covers the spectrum of accelerometer 
requirements. Low in cost, high in reliability, each Sperry accelerometer demonstrates 
Sperry's mastery of the exacting engineering and precision manufacturing required to 
produce this critical component. For further technical information or to discuss n 
sile, space vehicle or navigation requirements for accelerometers, write: Director of 
Marketing, AIR ARMAMENT DIVISION, Sperry Gyroscope Company, Great Neck, N. Y. 


SPFRRV 


VISION OF 
SPERRY RAND 
CORPORATION 


Aviation Week 

4 Space Technology 



SPACE TECHNOLOGY 

STARAD SATELLITE FINDS LONG-LIVED STARFISH RADIATION 26 

MARS MISSION STUDY PROPOSALS EVALUATED 55 

DOD Wants Comsat System With 24-30 Satellites 27 

Higher Thrust Potential Planned for M-l Engine 32 

Eight-Day Soviet Manned Flight Forecast 38 

Indications Are That Soviet Lunik 4 Failed in Mission 38 

Soviet Space Failures Listed 39 

SA-5 to Fly First Live S-4 Upper Stage 56 

NASA Favors Deployable Stations for First-Generation Space Study 61 

Simulator Variety Planned for Apollo, Gemini 63 

AIR TRANSPORT 

DOUGLAS USING COST-SHARING PLAN FOR DC-9 DEVELOPMENT. . . 40 

American Pilots Act to Form New Union 41 

Latin America to Receive Bulk of U. S. Aviation Aid 43 

Insurance Firm Investigation Is Asked 43 

United Plans Caravelle-727 Integration 45 

Airline Observer 52 

Shortlines 52 

AERONAUTICAL ENGINEERING 

PERFORMANCE EDGE STRESSED IN TFX QUIZ 27 

McClellan Says Pentagon Civilians Abused Powers 29 

TFX Thrust Reverser Cost, Weight Cited 30 

p Sud Planning Twin-Turbine Assoult Helicopter. ...... 34 

1 Sikorsky CH-53A Passes Preliminary Review 85 

l AFOSR Awards 97 

I MISSILE ENGINEERING 

£ BRITAIN WILL PAY "NORMAL COSTS" PLUS 5% FOR POLARIS MISSILES. . ^31 
I AVIONICS 

I FAA, ATA SHOWN ANTI-COLLISION SYSTEM 105 

Japan Early Warning Competition Accelerated 31 

Chemical Source for Pumping Lasers Studied 112 

I Filter Center Ill 


MANAGEMENT 

COMMENTS SOUGHT ON CONTRACTOR EVALUATION 

1AM Preparing to Strike Boeing Facilities 

Prospects Slim for Mach 3 Interceptor 

Industry Observer 

Who's Where 

BUSINESS FLYING 

CONTROL FEATURES BOOST WREN 460 STOL PERFORMANCE. 
Private Lines 


32 

37 

37 

71 

23 

23 


EDITORIAL 

The Brittle Brilliance 21 

Washington Roundup 25 Letters 136 

News Digest 39 Aerospace Calendar 5 


H 


COVER: First pho 
Corps heavy ossc 
croft which will f 


of the full-scale, metal mockup of Sikorsky Aircraft's CH-53A Morme 
t helicopter shows general appearance of the four-ton capacity air- 
ie o top speed of 170 kt. Mockup hos only three blades, shown folded, 
ter will utilize six-bloded rotor system. For more details see p. 85. 
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BULLS-EYE THROUGH A 150-FOOT SLOT AT 70,000 FEET BEYOND MACH 2^ 



As greater certainty in vertical sepa- 
ration of aircraft becomes necessary, 
the Litton LC-4 Air Data Computer is 
the off-the-shelf answer. Altitude 
resolution of 1 foot at sea level and 
7 feet maximum at 70,000 feet is 
another one of many outstanding 
characteristics of the soundly- 
engineered, maintenance-oriented 
LC-4. H Built to ARINC 545 require- 
ments and meeting or surpassing 
specifications listed therein, the LC-4 
is a high-precision, truly-modular 
flight data computation system. No 
other system has comparable capa- 
bility or can approach its ease of 
maintenance at all levels. Outputs 
include the five most widely used 
ones — altitude, mach number, true 
airspeed, indicated airspeed, and 


static air temperature— plus many 
optional outputs and alternate con- 
figurations. All subsystem modules 
are of straight plug-in design, elimi- 
nating the need for any alignment, 
calibration, or adjustment during 
replacement or removal of modules. 
Compliance with ARINC 549 can be 
achieved by using only the altitude 
and mach modules. U The LC-4 is 
just one of many air data products for 
subsonic and supersonic applications 
available from Litton. Others include 
pressure ratio computers, flight test 
instrumentation, precision altimeters, 
plus laboratory and flight line test 
equipment. Complete information will 
be forwarded on request. Write: Air 
Data Systems, 5500 Canoga Ave„ 
Wdodland Hills, Calif. Phone 346-4040. 



BUTTON SYSTEMS, INC. 

GUIDANCE & CONTROL SYSTEMS DIVISION 


EDITORIAL 


The Brittle Brilliance 


It is sad for anybody who watched President John F. 
Kennedy inaugurated that frosty January day in 1961, 
with the words of his address glittering with the same 
brilliance as the bright winter sun reflecting from the 
snowbanks on Capitol Hill, to measure the low estate to 
which this Administration has fallen as it passed mid- 
course and headed down the homestretch toward the 
1964 accounting with the electorate. 

So much of that early brilliance has proved too brittle 
under the stress and strain of international and domestic 
pressures; so much of that intelligence lacked sufficient 
control to prevent its growth into smart-aleck antics; 
so much of that apparent candor and refreshing frank- 
ness degenerated so quickly into the sly half-truth, the 
calculated falsehood and the crude stage-management of 
news; so many of the early achievements have proved 
so much less substantial under the erosion of time and 
truth; and so many of them have been exposed for simple 
political legerdemain in lieu of the courageous national 
leadership that was promised. 

When the epitaph of the Kennedy Administration is 
written, certainly “Cuba” should be chiseled in the 
largest letters. From the Bay of Pigs invasion through 
the latest phase of curbing anti-Castro guerrillas this 
Administration has flim-flammed the American people 
in a shameful manner. This, more than anything else 
to date, has backfired with such vigor that the Ad- 
ministration's original popularity has hit the skids. It 
is difficult for the American people to stomach the 
spectacle of this government and its allies doing Castro's 
police work for him while at the same time permitting 
him to export saboteurs and Communist agents by the 
thousands all over Latin America. 

Skybolt Jolt 

The jolt of the Skybolt cancellation is still reverberat- 
ing among our allies and has further reduced the credibil- 
ity factor of this Administration. Other nations must 
wonder at the Administration logic that scrapped Sky- 
bolt before its test program had reached full stride while 
at the same time it placed its major nuclear force into 
the Minuteman missile which, after two years of inten- 
sive testing and frantic developmental fixes, still cannot 
meet its range and payload requirements. 

If the Administration’s antics over Bomarc were in- 
tended to measure how severe a strain U. S.-Canadian 
relations could endure without breaking, they accom- 
plished their purpose. 


Despite all of the fast-talking presentations on economy 
in the Defense Dept., this budget continues to climb 
sharply. The Senate investigation of the TFX contract 
award has revealed just how spurious most of this Pen- 
tagon cost-effectiveness doubletalk really is. The TFX 
investigation has also raised the question as to how a 
Secretary of Defense who is so obtuse in his relations 
with the legislative branch of the government can really 
be as infallible as he claims on other more complicated 
issues. It is evident that no matter how brilliant their 
computer exercises or back-of-envelope pencil calcula- 
tions may seem to them, the top civilian leaders of the 
Pentagon have failed to win the respect, loyalty and 
confidence from the working levels that any commander 
needs from his troops to operate successfully. This is a 
situation that the country cannot safely endure for very 
long. 

Space Budget- Problems 

After a brilliant, courageous start in the space business, 
the Administration is being effectively challenged both 
on the management of this vast expenditure of public 
funds and also on the value of the goals it has set. It 
is doing an increasingly bumbling job of handling these 
criticisms and explaining to the taxpayers what the space 
race is really all about. Its original thin veneer of bally- 
hoo has become transparent and there appears to be no 
solid substance to replace it. Again the nation will be the 
ultimate loser if these space technology goals are lost 
because of an ineffective defense of their validity. 

Now, to give the American people further wonderment 
over what kind of people they have governing them, 
comes the episode of the Starad satellite (see p. 26) 
where the launch of a purely scientific satellite and the 
results therefrom were kept secret for months by Admin- 
istration scientific advisers. This certainly looks like 
another clumsy attempt to conceal bad news about the 
effects of a basic technical miscalculation. Perhaps the 
men who tried to keep these results secret will eventually 
come forth with a more cogent reason for this cloak and 
dagger technique but the odds are against it. 

As this Administration flounders toward 1964 and its 
day of reckoning at the polls, it can look back on an 
incredible trail of political, technical and moral wreck- 
age that will leave even its most ardent supporters won- 
dering how it all could have happened since the snow- 
sparkling brilliant promise of inauguration day. 

—Robert Hotz 
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Tl ELECTRO-OPTICS . . . 

seagoing solution for tracking accuracy! 


This new Texas Instruments Flexure Monitor 
eliminates significant radar antenna data errors 
created by the bending and twisting hulls of 
missile-tracking ships. I Accurate to two seconds 
of arc, the system uses a beam of light to carry 
alignment data in three axes — vertical, lateral and 
twist — over 50 and 100-ft distances. The unique 
TI solution for twist measurement makes possible 
a simple, rugged, practical system free from envi- 


ronmental problems. I TI applies this same blend 
of electro-optic skills to solve navigation and align- 
ment problems for the Polaris submarine, Minute- 
man silo, Nike-Zeus acquisition radar, and other 
programs. I Capabilities for custom solutions to 
electro-optic problems are but a part of TI’s over- 
all systems engineering effort. Your systems pro- 
gram can benefit from these and other TI creative 
engineering capabilities. Write department 49. 


Texas Instruments 

INCORPORATED 
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in Space Electronics and Avionics, strength favors General Precision 


. . . strength based on these design/ 
development/production accom- 
plishments of General Precision's 
Information Systems Group. ■ First 
digital computer to perform bombing 
and navigation functions in attack 
bombers of an operational Navy 
squadron. ■ First digital computer 
developed to guide an exploratory 
instrument package (Centaur) to a 
soft landing on the moon. ■ L-90 
general-purpose digital computer, 
combining the fastest operating 
speed, lightest weight, and largest 
memory capacity ever developed for 
use in aerospace systems. ■ Naviga- 
tion/data processing system for 
C-141, the first turbofan military 
transport for global airlifts. ■ Origi- 
nators of EBW ignition, stage- 
separation, and thrust-termination 
devices. ■ Send for information from 
LIBRASCOPE DIVISION 

<SB> ©BElGlISi&tL 
[F>B5[lCg0g0(o>M] 

INFORMATION SYSTEMS GROUP 
808 Western Ave., Glendale 1, Calif. 


Washington Roundup 

NASA Budget Cuts _ House space committee may cut National Aeronautics and Space Administration’s 

$5.7-billion Fiscal 1964 budget request by about 5200 million— S115 million from the 
manned flight program and S85 million from other areas. 

Senate space committee, which is to begin authorization hearings on NASA's budget 
on Apr. 22, intends to take a closer look than it has in past years, chiefly because of the 
increasing demands for economy in government. 

Rep. Joseph Karth, chainnan of the House subcommittee on space sciences and 
advanced technology, summarized the dilemma of Congress in trying to determine what 
is absolutelv necessary in NASA’s budget. lie told one witness: 

“We would like to help you, if you think you need help. I find it very difficult to 
find areas where we should reduce, because no matter what the budget request is, [NASA 
officials] will defend it to the last breath in them: and when we try to help somebody. I 
find it is extremely difficult to do that. too. I am not sure we can accomplish either of 
these goals unless we get some of the information we request.” 

Gilpatric’s Successor Paul H. Nitze, assistant secretary of defense for international security affairs, is con- 

sidered the most likely candidate to succeed Deputy Defense Secretary Roswell Gilpatric. 
with William P. Bundv-Nitzc’s deputy assistant secretary— moving into Nitze’ s spot. 
Nitze’s strong background in international affairs, which includes direction of State 
Dept's policy planning staff, would supplement Defense Secretary 1 Robert McNamara’s 
limited experience in this field at a time when closer coordination between Defense 
and State Dept, efforts is needed. Bundy is a brother of McGcorgc Bundy, the President’s 
special assistant for national security. 

Watch for Lawrence L. Kavanau, special assistant for space to the director of 
defense research and engineering, to leave his Pentagon post in the near future. 

Joint Chiefs of Staff have given all unified and specified commands one month to 
study ways to reduce expenditures which adversely affect the U. S. balance of payments. 
The studies could result in cutbacks in spending for overhaul of aircraft and other equip- 
ment outside U. S. territories, reduction of overseas forces and cuts in the number of 
dependents overseas. 

Sic Transit Gloria Secrecy and accompanying confusion have descended over the Transit navigation 

satellite program. Until last week. Transit had not been covered by Defense Dept. 
Instruction 5200.13, which imposes secrecy on even the project names of all military 
space programs except the Air Force X-20 and the Defense Dcpt.-NASA Anna satellite. 
Some Navy officers arc questioning whether the sccrccv order will prevent use of opera- 
tional Transit satellites by commercial shipping. NASA, which signed a joint Transit 
development agreement with Defense Dept, just last month, said it docs not know 
the ultimate effect of the secrecy order, but said Navv has indicated that the classifica- 
tion will be removed when the system becomes operational. 

Critical Gemini review meeting was held Apr. 1 1 by NASA to update launch sched- 
ules because of development slippages, and to determine the sophistication of the first 
flight vehicle. Question is whether the first shot, a ballistic lob. should be a “tin can" 
solely to qualify the Titan 2-Gemini configuration or a man-rated capsule to qualify 
systems as well as design. 

General Accounting Office is urging Defense Dept, to place procurement and man- 
agement of aircraft engines and aeronautical supplies and equipment under centralized 
management. A comprehensive Defense Dept, study to determine if and how this can 
be done is due for completion by October. It covers 1 1 classes of equipment involving 
150.000 different types of items costing about 56 billion. 

In TFX Circles . . . Senators investigating the TFX contract award (see p. 28) are having their troubles 

trying to understand some of the technicalities. Sen. Edmund Muskic said: “I have 
been on more merry-go-rounds on these hearings than I have been ever before in my 
life." He told one witness: "You fellows would drive a lawyer crazy with some of these 

Sen. Karl Mnndt was even more eloquent. He said to Adm. George Anderson, chief 
of naval operations: “On page 8 you say among the various qualities that appear to indi- 
cate Boeing to be a more serviceable and effective plane: 'Its accessibility for electronic 
maintenance was far superior.’ That might almost as well be written in Chinese as far 
as I am concerned. Can you tell us what the [blank] it means?" Adm. Anderson 
explained that it meant it was easier to work on the black boxes. “I know exactly what 
you mean,” Sen. Mundt said, “because my new Chrysler automobile has left and right 
signal indicators hidden on the dash so well I cannot find them with a flashlight at high 
noon. I am in favor of having these gimmicks up where you can find them.” 

—Washington Staff 


AVIATION WEEK & SPACE TECHNOLOGY, April IS, 1963 



Wiesner, Charyk Ordered Starad Secrecy 


USAF satellite’s discovery that Starfish radiation may 
last 10 years proves embarrassing to Administration. 

By Laity Booda 

Washington— Existence of the unclassified scientific satellite Starad, 
designed to measure contamination of the ionosphere, was kept secret until 
recently on orders of former Under Secretary of the Air Force Dr. Joseph V. 
Charyk. Its politically embarrassing findings that radiation produced by the 
U. S. Starfish high-altitude nuclear explosion last July 9 may last at least 10 
years also were kept under wraps, by order of Dr. Jerome B. Wiesner, science 
adviser to the President. 

First general information based on Starad’s observations— that radiation 
within the magnetic shell in which Starfish was fired is considerably higher 
than the level prior to the shot— was revealed at the Air Force Cambridge 
Research Laboratory' on Apr. 5. Details will be given in five scientific reports 
before the American Geophvsical Union meeting here Apr. 17-20. 


Starad also immediately detected in- 
creased radiation from Russian high- 
altitude nuclear explosions fired last 
Oct. 28 and Nov. 1. The satellite was 
placed in orbit last Oct. 26, too late to 
measure the effects of the Oct. 22 Rus- 
sian shot. 

Starad (for Starfish radiation) was a 
hurriedly assembled package of nine ex- 
periments prepared for flight in a Lock- 
heed Agena D space vehicle after Air 
Force officers convinced Administration 
officials that they could get a scientific 
payload in orbit quickly by using stand- 
ard components. 

Starad was approved because of a 
desire to provide a backup to the Ex- 
plorer 1 5 satellite of the National Aero- 
nautics and Space Administration. 

Starad Launch 

Starad was launched by a Douglas 
Thor booster from Vandenbcrg AFB, 
Calif. Initial perigee was 120 mi. and 
apogee was 3,452 mi. Inclination was 
71.41 deg. Starad transmitted until Jan. 
1 S when its batteries wore out. 

Starad was the only satellite to fur- 
nish comprehensive information on the 
radiation level occurring from Starfish 
and the two Soviet shots. Explorer 15 
was placed successfully into orbit Oct. 
27 but failed to despin. It continued to 
rotate at 60 rpm. instead of slowing to 
the intended 6 to 10 rpm. Thus, only 
wide-angle observations were possible. 

Starad was designed to make most of 
its readings along the magnetic shell 
that lies at a geomagnetic altitude of 
L = 1.25. L = 1.0 is the radius of the 
earth at the magnetic equator. Thus 
the magnetic shell L = 1.25 lies 0.25 
earth radii above the earth’s surface at 
the magnetic equator, but bends closer 
to the surface near the poles, where the 
magnetic lines of force converge. 

Starfish was exploded in the L = 1.12 
magnetic shell. The Russian shots, fired 


at Novava Zemlva near the North Pole, 
were in the L= 1.8 shell. 

It was discovered that the decay rate 
of charged particles at L = 1.25 is rapid 
at first after a nuclear explosion, but 
then became negligible. Ludwig Katz, 
Starad project director at Cambridge, 
said an apparent state of equilibrium 
has been reached in this magnetic shell. 
There is either no decay in radiation, or 
so little change as to be within the nar- 
row margin of experimental errors of 
observation. The level is considerably 
higher than that prior to the shot. 

Because the Russian shots were made 
at a higher geomagnetic latitude, most 
of the particles injected by them were 
not trapped. Those that were remained 
trapped only a few days. Die Oct. 2S 
Russian shot increased the radiation by 
a factor of two for electrons having 
energies above four million electron 
volts. At lower energies, about 50.000 
electron volts, the factor was 10 over 
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the readings of Oct. 27. By Nov. 4, 
the readings had dropped almost to the 
Oct. 27 levels. 

The U. S. at one time had planned to 
fire at least three thermonuclear devices 
at high altitudes last summer— a kiloton 
yield device below the inner Van Allen 
belt; a kiloton device within the inner 
belt, and a megaton device in the outer. 

An international scientific contro- 
versy over the contamination that these 
shots were likely to produce began even 
before the first shot was fired. Failure 
dogged the attempts to launch the first 
device to altitude, due partly to the 
haste with which Thor boosters— some 
of them old training vehicles from stor- 
age— were adapted for the mission. 

For reasons that have never been 
announced, the 1.4-megaton Starfish 
device was exploded at 250 mi. over 
Johnston Island in the Pacific— below 
the inner belt. It created an artificial 
belt and enhanced the radiation in the 
natural belt, 

Wiesner Position 

Dr. Wiesner, who originally had ad- 
vised the President to go ahead with 
the high-altitude shots in spite of the 
controversy, is understood to have 
wanted at least one successful explosion 
in the belt to measure effects on com- 
munications. His position was that 
there would be no lasting change in the 
natural environment. This opinion was 
supported by Dr. James A. Van Allen 
of Iowa State University, for whom the 
natural radiation belts arc named. 

Dr. Van Allen maintained his posi- 
tion that the Starfish radiation was 
relatively insignificant as late as last 
Feb. 1, when he published a paper in 
the Journal of Geophysical Research 
that the intensity had fallen to between 
10% and 1% of peak intensity at vari- 
ous altitudes. He disagreed with earlier 
findings of Wilmot N. Hess of NASA's 
Goddard Space Flight Center. 

It was at this time that detailed find- 
ings of Starad were being collated. 
Then on Mar. 1 5, Dr. Van Allen said 
the artificial belt created by Starfish 
might last for a decade or so (AW Mar. 
25, p. 26). 

Release of information about radia- 
tion in the Van Allen belts through 
scientific papers, rather than by press 
release or news conferences, stems from 
the pressures that some Administration 
officials have applied to the science 
advisers headed by Dr. Wiesner. 

Die politicians maintain that the 
image of the United States has suffered 
abroad because the Starfish explosion 
has upset the balance of nature. The 
scientists, in a sense, have retreated be- 
hind the protection of delayed release 
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Defense Wants Comsal System 
With 24 to 30 Satellites by 1965 


of unfavorable information. Starad's in- 
itial findings were quickly interpreted 
after its placement in orbit, but they 
were kept secret. Experiments were; 

• CRM2C-proton-alpha spectrometer, 
assembled by F. Paolini and R. Giac- 
coni of American Science and Engineer- 
ing Co. and L. Katz and D. Smart of 
Cambridge Research Laboratory. It 
measured the proton spectrum above 0.5 
million electron volts and carried out 
particle type and energy analysis. 

• CRM 1 IB— beta-beta-gamma detec- 
tor. assembled by the same team. This 
experiment carried three scintillation 
counters, two of which were shielded for 
30,000 electron volts and the third for 

4.000. 000 electron volts. Each meas- 
ured the total energy deposited. 

• CRM 23— electron solid-state spec- 

trometer, S. Bloom, H. West and L. 
Mann of the Lawrence Radiation Lab- 
oratory of the University of California. 
This instrument utilizes 180-deg. mag- 
netic focusing to divide a collimated 
electron beam into five energy channels 
centered about 325,000. 955,000. 

1.630.000, 2,400,000 and 3,250.000 
electron volts. 

• TEC 3— tissue equivalent chamber. B. 
Clark of the Air Force Special Weapons 
Center constructed two cylindrical "tis- 
sue equivalent" ionization chambers 
whose walls are covered with a plastic. 
Die atomic composition of the plastic 
resembles human muscle tissue. An 
electrometer circuit provides data on 
radiation dose-rate. 

• CRM 24— total energy detector, ;i>- 
sembled by R. Smith and W. Imhoff of 
the Nuclear Physics Div., Lockheed 
Missiles and Space Co. Five scintilla- 
tors were carried. Three of them had 
thresholds of 1.000,000, 2,000.000 and 

5.000. 000 electron volts. They are 
viewed by photomultipliers. The others 
count particles of 1-5 mev. 

• CRM 20— total energy detector, as- 
sembled by P. Dyal of the Special 
Weapons Center. A solid state detector 
measures electrons from 20,000 electron 
volts to 1,000,000 electron volts and 
protons of the same penetrating power. 

• CRM 23— scintillation spectrometer, 
same team as the first two experiments. 
A single thick scintillator surrounded by 
a steel shield except for a small opening 
measured 600 kev. electrons, 10 mev. 
protons and pulse analysis in seven en- 
ergy levels from 1 to 70 mev. 

• IP 2— impedance probe. Assembled 
by O. C. Haycock of the University of 
Utah and J. C. Ulwick of the Cam- 
bridge Research Laboratory. A 20-ft. 
dipole antenna was used to measure 
electron density by detecting changes 
in impedance in the antenna. 

• SEE 1— solar environment experi- 
ments. R. E. Fisehell, Applied Physics 
Laboratory, Johns Hopkins University, 
tested the performance of various types 
of solar cells and transistors in the belt. 


By Alfred P. Alibrando 

Washington— Defense Dept, will 
start work in May or June on a military 
communication satellite program based 
on a goal of putting 24 to 30 opera- 
tional spacecraft into 6,000-mi. circu- 
lar polar orbits by the end of 1965. 

John H. Rubcl, deputy director of 
defense research and engineering, last 
week told the House space subcom- 
mittee on applications and tracking that 
the program schedule calls for: 

• Program definition study beginning in 
May or June on which "firm decision 
to proceed" will depend; and a follow- 
on study in August and September. 

• Initiation of hardware development 
program about November. 

• First launch early in 1965, placement 
in orbit of about half of the system by 
mid-1965 and completion of an op- 
erational system by late 1965. 

Rube] said DOD is thinking in terms 
of an SO- to 120-lb. satellite. 

"Approximately six satellites will be 
launched per booster.” Rubcl said, 
"using flic . . . Atlas Agena D. The 
six satellites will be ejected at slightly 
different velocities into an approxi- 
mately 6.000-mi.-altitudc circular polar 
orbit, where they will gradually spread 
out. Tire successive clusters will be in- 
jected into orbital planes spaced 45 deg. 

Satellite would have 2.5 w. output, 
nearly omnidirectional antenna and so- 
lar cell power source. It would be spin 
stabilized and provide two duplex voice 
and teletype circuits. 

The House space committee has been 
opposed to development of a medium- 
altitude communications satellite sys- 
tem by the military. In a report on re- 
orientation of the Defense Dept, pro- 
gram following cancellation of Advent 
last June, the committee said a separate 
medium-altitude military communica- 
tions satellite could not be justified on 
a east-effectiveness basis. The report 
also contended that "to develop a new 
satellite . . . when the Relay. Telstar 
and Syucom [civilian satellites] . . . 
would be available with modifi- 
cation . . . appears to be disregarding 
the development that has been carried 
out by others.” 

This and earlier committee reports 
questioned the wisdom of developing 
a medium-altitude system when "the 
communications community is agreed 
that the synchronous [22, 300-mi.] . . . 
system has technical and cost advan- 
tages over the medium-altitude system, 
provided the difficult launch and con- 
trol problems are overcome. 


Rubel’s testimony last week at- 
tempted to answer most of these ob- 
jections. He said the system concept 
is based on utilization of the demon- 
strated technology of Courier, Telstar 
and Relay, and that work done on the 
traveling wave tube for Advent would 
be applied to design of the tube for 
the new medium-altitude satellite. 

Other requirements that could not 
be satisfied by commercial system, he 
said, included "privacy, reliability, se- 
curity. ECM [electronic countermeas- 
ures] resistance . . . and military con- 
trol of circuit terminals.” 

The Defense Dept, system, which 
will cost an estimated 5200 million to 
S250 million, will be developed jointly 
by the Air Force and Army. The Air 
Force is responsible for all space-related 
activity and the Army for ground sta- 

Rep. William F. Ryan (D.-N.Y.) 
urged Rubcl to “come to a clear under- 
standing with the Communications 
Satellite Corp. that the government at 
least have some preferential rate” for 
whatever use it makes of the commer- 
cial system. lie also asked that the 
government be reimbursed for its sup- 
port of the corporation s development 

Reviewing Defense Dept, communi- 
cations programs. Rubcl said the Air 
Force would try twice this year to in- 
ject packages of Project Westford di- 
poles into earth orbit. He said the tiny, 
needle-like dipoles would be made of 
sublimable tin which would "evaporate 
in a few years.” Previous attempt to 
orbit dipoles, which failed, irritated 
some astronomers who contended that 
the millions of tiny bits of metal might 
interfere with radio and optical tele- 

In other testimony last week, NASA 
officials said: 

• Development of the 84-ft.-dia. Nor- 
throp parachute to be used in early 
Gemini flights has been completed and 
testing will begin soon. 

• Lockheed Agena upper stage will be 
modified to allow five or six restarts on 
command from the ground or from 
Gemini spacecraft in rendezvous mis- 

• Requirement for 700 lb. of fuel for 
maneuvering on Gemini rendezvous 
flights will cut mission to no more than 
five or six days. 

• One reason for removing slight ver- 
tical vibration from the Martin Titan 2 
booster is to ensure that the Gemini 
pilot will be able to read abort-sensing 
instruments during the boosted phase 
of flight. 
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Performance Edge Stressed in TFX Quiz 


By George C. Wilson 

Washington— Key question as the F-lll (TFX) hearings enter their final 
stage is whether the cost-effectiveness arguments of Defense Secretary Robert 
S. McNamara can overcome testimony by the nation's military leaders that 
McNamara chose the inferior of two proposed fighting machines in awarding 
the contract to General Dynamics-Grumman rather than Boeing. 

Chairman John L. McClellan (D.-Arlc.) recessed the F-l 1 1 hearings of his 
Senate Permanent Investigations Subcommittee last week after hearing the 
military chiefs of the Air Force and the Navy testify that they felt the Boeing 
design promised the type of performance edge the Japanese enjoyed early in 
World War 2 with the Zero fighter aircraft. 


Some committee members, including 
Sen. McClellan, began asking publicly 
whether it might be advisable to let 
both contractors develop test aircraft 
before committing the U. S. to spend- 
ing S6.5 billion for 1.700 planes of the 
General Dynamics-Grumman design. 

Although spokesmen for both Gen- 
eral Dynamics-Grumman and Boeing 
are among those still to be heard by the 
subcommittee, the 2.146 pages of testi- 
mony already taken have drawn clear 
battle lines which put the future oper- 
ators of the aircraft on one side and 
the civilian administrators of the De- 
fense Dept, on the other. 

Unanswered Questions 

McNamara's two statements before 
the subcommittee— one read for him 
and the other delivered in person— left 
many questions unanswered in the opin- 
ion of the subcommittee. Also, the 
questions he submitted for the senators 
to ask of Defense Dept, witnesses back- 
fired in several instances (AW Apr. S. 
P- 26). 

This background, plus Sen. McClel- 
lan's decision to keep the hearings going 
until the technical contradictions are 
explored, makes McNamara's final pres- 
entation probably the biggest challenge 
he has faced in Congress since taking 
office. lie must rely on technical facts 
and figures in this summation to the 
Senate and the public to overcome the 
recent testimony that his F-lll de- 
cision will put a second-best aircraft in 
the hands of U. S. fighting forces. 

McNamara already has denied that 
economic needs of the General Dy- 
namics Ft. Worth Div. figured in the 
award, so he cannot defend his decision 
on grounds that he wanted to keep the 
U. S. defense arsenal strong. 

The defense secretary must be pre- 
pared to answer questions on several 
points which were raised just before the 
subcommittee recessed last week for the 
Easter holidays. The most important 
of these is the operational edge at- 
tributed to the Boeing proposal. 

Adni. George W. Anderson, chief 
of naval operations, said he recom- 


mended the Boeing design because of 
its promised edge in performance, de- 
claring: "If a potential enemy either 
believes or knows his prospective ad- 
versary possesses such an edge, he 
thinks twice before committing himself 
to armed conflict. If other considera- 
tions compel him to act. this edge can 
make the all-important difference be- 
tween being able to defeat the aggres- 
sor. or blunting his attack while produc- 
tion and manpower can be mobilized, 
or. lacking the edge, losing quickly. The 
latter alternative being unacceptable, 
we must insure this edge is available to 

"As a one-inch longer reach is to a 
boxer.” Adm. Anderson continued, 
“this edge often is very small when 
measured in terms such as altitude, 
miles per hour, range, time on station, 
operating depths and the like. The 
Japanese Zero initially enjoyed an edge 
in maneuverability— small, but most 
serious in terms of pilots killed, aircraft 
lost and ships sunk by the torpedo 
planes and bombers the Zeros escorted. 

"Many Soviet aircraft enjoy perform- 
ance edges over U. S. aircraft now in 
service." Adm. Anderson said. "They 
do not, however, at the present time 



enjoy an advantage over the new Navy 
F4H (McDonnell F-4B Phantom 2]. 
Stand-off ranges of the Soviet air-to- 
surface missiles have demanded ex- 
ploitation of our available air-defense- 
aircraft edge today. We now must be 
able to intercept and destroy the mis- 
sile-carrying aircraft farther out from 
his launch point. As the edge shrinks, 
we must recreate it by an appropriate 
next step in development. The state of 
the art is being extended to its elastic 

In what appeared to be a rebuttal to 
McNamara’s charge that military lead- 
ers were inclined to favor weapons far 
superior to those actually needed— and 
thus more costly than necessary— Adm. 
Anderson said: "Those of us who have 
learned the hard way of the importance 
of this edge attach great signficancc to 
what might otherwise appear inconse- 
quential differences between two com- 
peting pieces of military hardware. I 
know of no way to attach numbers, 
weight or scores to such intangibles, 
but their importance has been written 
in the record of military histone” 
Cuban Crisis 

Me cited the Cuban crisis, declaring: 
"We put the best aircraft we could 
get into the area, the Navy F4H, be- 
cause we knew that the aircraft had the 
edge over the MiG-21 which the Rus- 
sians had placed in Cuba. This is 
what I mean by edge . . . What we 
want to have in the future is the same 
superiority that we have today in our 
F4II over the current Russian planes.” 

Gen. Curtis E. LeMav, Air Force 
chief of staff, said he also favored the 
Boeing design because of its superior 
operational promise, but agreed that by 
refining the General Dynamics propo- 
sal, “we will get a weapons system that 
is in the same ballpark, perfonnancc- 
wise. that we would have gotten from 
Boeing. However, I think we could 
have gotten it easier with Boeing.” 

Gen. William F. McKee. Air Force 
vice chief of staff and chairman of the 
Air Force Council, said "operational 
factors should be overriding considera- 
tions to all others in choosing between 
the two systems because these aircraft 
arc being produced for use in event of 

Adm. Anderson said that although 
he followed McNamara's orders and 
went along with the bi-service concept 
for the F-lll, the resulting Navy ver- 
sion of the winning General Dynamics- 
Grumman aircraft has these shortcom- 
ings: 

• Weight. Proposed aircraft will be 
13.500 lb. heavier than Navy's original 
specification and 8,500 lb. more than 
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McClellan Says Pentagon Civilians Abused Powers 


W ashington— Chairman John L. McClellan (D.-Ark.) of the 
Senate Permanent Investigations Subcommittee has charged that 
civilian Defense Dept, secretaries abused the powers of office 
by not consulting the top military officers they reversed in 
awarding the S6.5-billion F-lll (TFX) contract to General 
DynamicsGiumman rather than Boeing. 

Sen. McClellan made this charge after both Gen. Curtis E. 
LcMay, Air Force chief of staff, and Adm. George W. Ander- 
son, chief of naval operations, testified that they had no oppor- 

Bocing and the time the civilian secretaries ' chose General 
Dynamics-Grumman. Both officers said the Boeing design 
appeared substantially superior from an operations standpoint. 

"Power doesn’t mean that you disregard and exercise it 
arbitrarily,” Sen. McClellan said. “I have no interest in the 
world in Mr. Boeing or Mr. Dynamics or Mr. Anybody Else. 
But I think the system is wrong that you have down there, it 
is a futility, or else it ought to be respected enough when there 
is disagreement, and there might be times when it should be 

indicate there should be a consultation, a consultation at least, 
before a decision is made and stamped final. 

"I hope a lesson at least will come out of this.” Sen. McClcl- 

thosc consultations. 'Whatever the outcome would have been, 
1 think we would all have been in a better position here today” 
if it had been shown “that the most consideration, the best and 
most judicious consideration was given before a final decision 
was made.” 

Gen. LeMay said he recommended Boeing last Nov. 8 after 
the fourth evaluation, and was not consulted between then and 
Nov. 23, the day he learned that Defense Secretary Robert S. 
McNamara and the Air Force and Navy secretaries had chosen 
General Dynamics-Gmmman. The award was announced the 

“I don’t consider this normal procedure.” Gen. LcMay told 
the subcommittee. He said that as soon as lie heard of the 
choice, he went to see Air Force Secretary Eugene M. Zuckcrt. 


"We told him we thought lie had made a wrong decision," Gen. 
LeMay said. "He didn’t discuss any details with us at all . . . 
He stood by his decision and that ended the conference ... I 

and down the line that I was completely surprised at the deci- 

or all tlie rest of the people who had worked on the case. If 
there had been, I would have expected the secretary to tell us 
about it at that time. He did not.” 

Gen. William F. McKee. USAF vice chief of staff and chair- 
man of the Air Force Council, said Zuckcrt called a meeting of 
the Air Force Council at 5 p.m. Nov. 23 and told the military- 
officers there that General Dynamics-Gmmman was going to 
get the contract because of that design’s promise of more com- 

Gen. LcMay, who came to the meeting late, learned of the 
decision from Gen. McKee. Gen. McKee said Zuckcrt told the 
council that he had expected to sec Gen. LeMay before the 
meeting. Right after the council meeting, both Gens. LcMay 
and McKee went to Zuckcrt's office and tried to change his 
mind. Gen. McKee said he knew of no other case where unani- 

were rejected by civilian secretaries. 

Adm. Anderson said he would have pressed harder had he 
realized his recommendation for Boeing was going to be re- 
versed. “In retrospect," he said, "perhaps when discussing the 
final round recommendation with the Secretary of the Navy we 

consequently did not make sufficiently clear to him the im- 
portance of those areas in which the Boeing design appeared 
superior from the operational point of view.” He said the ex- 
perience “taught me a lesson to perhaps be more contentious in 

Sen. McClellan asked: "Is it too much to hope or expect that 

in combat might have been called and consulted and given an 
opportunity, some indication that you needed to prove your 
case better?” 


the revised requirement. “Further,” 
Adm. Anderson said, “we can expect to 
be faced with the problem of coping 
with additional weight in the years to 

• Suitable carriers. This extra weight 
plus other characteristics will limit the 
use of F-l Us to the three attack car- 
riers in the Midway class, the six 
in the Forrestal class and the nuclear- 
powered Enterprise. Adm. Anderson 
said neither the proposed Boeing nor 
General Dynamics aircraft, because of 
their size and weight, could be used 
on the modernized Essex class attack 
carriers. He said Boeing’s Navy version 
would be "more feasible" to operate 
from Midway class carriers because of 
its lighter weight and less wind-over-the- 
deck requirement. 

• Radar. To meet the common USAF- 
Navy requirements. Navy- had to settle 
for a detection and fire control radar 
18% less effective than originally speci- 
fied. He said the size of the radar had 
to be reduced in order to afford the 
aerodynamic form that is needed to give 


the Air Force its high dash speeds. 

• "Black box” accessibility. Adm. An- 
derson said the Boeing design offered 
an accessibility for electronics main- 
tenance "far superior” to General Dy- 
namics'. and called this “a most im- 
portant consideration." He said the 
shock Navy aircraft absorb in landing 
and catapulting often damages elec- 
tronic equipment and requires speedy 
repairs in the dark. "In the final analy- 
sis, the airplane can’t cut the mustard 
unless the electronic material func- 
tions,” he said. An effort is under way 
to improve the electronic accessibility 
in the General Dynamics design. 

The Air Force, too. detailed to the 
committee the shortcomings it sees in 
the General Dynamics proposal. Gen. 
Walter C, Sweeney, commander of the 
Tactical Air Command, called the Boe- 
ing design "a much better aircraft” and 
cited these specific advantages from an 
operational standpoint: 

• Fire control. He said the Boeing de- 
sign would provide more accuracy be- 
cause the pilot, while attacking a 


ground target, would see in front of 
him a slant range reading as well as his 
dive angle. The instrument would be 
placed directly in front of pilot’s eyes, 
while the General Dynamics design pro- 
vided the data on the instrument panel, 
requiring the pilot to take his eyes off 
the target. He said the Boeing arrange- 
ment “is a distinct advantage in close i 
support where you are attacking a target 
that is very' easy to become obscured, 
and you want to keep your eyes right 
on it so you don’t lose it." He said 
this Boeing feature probably will be 
incorporated in the General Dynamics 
proposal. 

• Thrust reversers. Gen. Sweeney said 
Boeing's proposed use of them prom- 
ised "better deceleration both in air 
maneuvering and landing. The latter is 
especially important on wet or icy run- 
ways." Gen. McKee said "I see no 
serious technical problems in adapting 
this excellent device to fighter aircraft. 
Boeing has pioneered in this field and 
is designing, manufacturing and using 
thrust reversers on all of their com- 
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mercial aircraft throughout the world." 

• Dual wheels. Boeing proposed dual 
wheels, two on each side of its landing 
gear, while General Dynamics proposed 
a larger single wheel on each side. Gen. 
Sweeney said dual wheels would be 
safer for landing and easier to maintain. 

• Air scoops. Gen. Sweeney said Gen- 
eral Dynamics' placement of these so 
near the missiles being carried under 
the aircraft might cause a flameout as 
the engines ingested exhaust from the 
missile as it was launched. 

• Ferry range. Me said other advan- 
tages of the Boeing design were the 
longer ferry range and greater ordnance- 
carrying ability. 

In discussing the general capabilities 
of the competing contractors. Gen. Le- 
May said that "going back to the origi- 
nal proposal, the Boeing team had a 
much better knowledge of what was 
required in this sort of an airplane. 
They had a more flexible system, better 
ideas, I think, to produce it, and came 
forward with a much better proposal 
than did the General Dynamics team.” 
lie agreed with a statement by Sen. 
Henry M. Jackson (D.-Wash.) that the 
four evaluations of the F-l 1 1 helped the 
lower-rated proposal of General Dy- 
namics catch up to Boeing's higher- 

Gcn. McKee, in a sworn statement 
filed with the subcommittee Feb. 13 
and discussed Apr. 5, said “there was no 
dissent within the Air Force Council 
fat its meeting Nov. 8], including the 
Navy members, on the ‘clear and sub- 
stantial advantage of the Boeing pro- 
posal over the General Dynamics pro- 
posal which is magnified by the en- 
vironment found under the austere con- 


ditions usually inherent in limited war 
actions.'" He said General Dynamics 
did "a creditable job" in producing the 
USAF B-58 supersonic bomber, "but 
the aircraft was a lot more expensive 
than originally planned. Part of this 
increase was the fault of the govern- 
ment. It is my view that, all things 
being considered, Boeing is a better 
producer." 

Gen. McKee said that "during the 
source selection procedure there were 
no political pressures brought to bear 
on me, or, as far as 1 know, any of the 
uniformed personnel within the Air 

In response to the expressed prefer- 
ences for Boeing among Air Force and 
Navy officials, Sen. Karl E. Mundt 
(R.-S. D.), ranking Republican on the 
investigating subcommittee, asked Rear 
Adm. Frederick L. Ashworth, assistant 
chief of the Bureau of Naval Weapons 
for research and development, whether 
he would prefer to test prototypes of 
the competing designs "instead of com- 
paring them in the conjectural basis 
that you have to do as long as they are 
paper planes.” 

Adm. Ashworth said "perhaps the 
more difficult part of creating a weap- 
ons system of this kind is not the air- 
frame and its flying capabilities, but the 
combat systems that are involved in 
this— the missile system and the fire 
control systems and the bomb-carrying 
capability and the like.” Consequently. 
Adm. Ashworth said, the question is 
whether the U. S. should go through 
the "very expensive operation" of build- 
ing two completely equipped proto- 
types. He said “there are certain at- 
tractivenesses to a competition of this 


kind,” and added that "this is the way 
the Russians do the business . . ." 

Adm. Anderson said in his prepared 
statement that the McDonnell F-4B 
was flight-tested against competing air- 
craft before it went into quantity pro- 
duction and "the end result was the 
finest aircraft of its type in the world 
today.” He said the "true worth” of 
the F-l 1 1 “can onlv be determined 
when there is available to each service 
an actual flying machine on which flight 
evaluations can be accomplished by 
qualified test personnel and when it is 
combined with a suitable missile sys- 

The Senate subcommittee may ask 
Boeing and General Dynamics to esti- 
mate now much it would cost to build 
fully equipped prototypes which could 
be tested against each other. 

Witnesses made it clear that the De- 
fense Dept, has decided to incorporate 
as many of the superior features of the 
Boeing proposal into the General Dy- 
namics design as possible. "Undoubt- 
edly," Gen. LeMav said, “we will try 
to apply the good points that we found 
in the Boeing design as far as we can 
to the General Dynamics design so that 
we can produce the best possible air- 

In this connection. Sen. Mundt told 
Adm. Anderson: "If what you come up 
with ultimately is a Boeing plane with 
a General Dynamics label and a Gen- 
eral Dynamics price tag on it, so be it. 
You properly are trying to move in the 
direction of improving it. and you 
would have done the same, I am sure, 
had the Boeing design been selected.” 
Adm. Anderson replied: “That is cor- 


Large Solids Contracts 

Washington— Thiokol Chemical Corp. 
was expected to win the major share of 

was expected to be awarded package 2, 
static firing of a 3 million-lb. thrust. 
156-in. dia. fixed-nozzle motor, and pack- 
age 3, demonstration of a 1 million-lb. 
thrust, 156-in. dia. movable-nozzle 
rocket. Thiokol and Aerojet-General 
Corp. are expected to conduct parallel 
developments for 260-in. dia. half-length 
motors generating 3 million-lb. thrust, 
under bid package 1. 

Lockheed Propulsion Co. was expected 
to win bid package 4, calling for demon- 
stration firing of a 1 million-lb. thrust, 
156-in. dia. motor with jet tabs. 

tions (AW Apr. 8, p. 29| were behoved 
to have been accepted only for package 
1. The board recommended Aerojet for 
package 2. Lockheed for package 3 and 
United Technology Center for pack- 
age 4. 
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Plus 5 % for U.S. Polaris Missiles 


Washington— Great Britain will pay 
"normal costs” for U.S. Polaris missiles 
and related equipment, plus 5 % to 
cover part of the research and develop- 
ment costs incurred after Jan. 1, 1963. 

A technical agreement signed by the 
two countries on Apr. 6 contains de- 
tails of the basic agreement reached by 
President John F. Kennedy and British 
Prime Minister Harold Macmillan last 
Dee. 21 at Nassau (AW Dec. 24, p. 20). 

Britain will receive the 2,500-naut. 
mi. range Lockheed-developed A-3 
model Polaris, minus the warhead. 
British Plans 

Britain plans to build four nuclear- 
powered submarines, each armed with 
16 missiles. It will purchase 64 missiles, 
plus an undisclosed number of spares 
from the U.S. 

Total cost to Great Britain of the 
Polaris submarine and missile program 


was not announced, but one official 
estimated that one third of the sum will 
he spent in the U.S. Development cost 
of the A-3. which is not vet operational, 
will be an estimated Sl'.75 million per 
missile, minus the warhead. 

“Normal costs” arc defined as in- 
cluding charges for materials, work per- 
formed. use" of capital facilities and 
overhead costs. The 5% fee is partial re- 
imbursement for current research and 
development, not for what was spent 
prior to Jan. 1 (AW Feb. 4, p. 37). Re- 
placement items from current stocks 
will be furnished at the most recent pro- 

The agreement specifies that these 
items will be furnished: 

• Polaris missiles, less warheads but 
including guidance capsules; missile 
launching and handling systems; missile 
fire control systems: ships navigation 
systems; personnel training; research de- 


sign. development, production, test or 
other engineering services required. 

• Additional associated support, test 
and training equipment and services. 
These include test and checkout equip- 
ment. specialized power supplies, power 
distribution systems, construction spares 
and spare parts and technical documen- 
tation including specifications, blue- 
prints and manuals. Use of training and 
missile range facilities will also be fur- 
nished. 

Information about the hull, auxiliary 
machinery and equipment of U. S. 
Polaris submarines will be furnished, 
but the agreement specifically excludes 
information about the nuclear propul- 
sion plants of U. S. submarines. 

Navy's Role 

Missiles and equipment will be fabri- 
cated to the same documentation and 
quality standards as in the U. S. Polaris 
program. Production schedules will be 
integrated with the U.S. program. 

The Navy, acting for the Defense 
Dept., will be executive agent for the 
U.S. government in the joint program. 
The Admiralty will represent the Brit- 
ish government. 

The U. S. project officer probably will 
be Rear Adm. I. J. Galantin. director of 
the Polaris special projects office. Rear 
Adm. H. S. Mackenzie, chief Polaris 
executive for the Admiralty, is expected 
to be named project officer for Britain. 

A joint steering task group will also 
be formed, composed of project officers 
and liaison representatives. It also may 
include scientists, industrialists and gov- 
ernment executives from both coun- 

The agreement protects patent and 
proprietary rights, and holds the U. S. 
not responsible for unusual hazards. 
Security measures are also detailed. 

According to present plans. Great 
Britain expects to have its first Polaris 
submarine operating in 1968. The A-3 
missile is now being test-fired and will 
go into production early next year. The 
first U.S. submarine carrying the A-3 
tvpe missile will be deploved in mid- 
1964. 
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Contractor Evaluation Comments Asked 


Washington— Details of the Defense 
Dept.’s new contractor evaluation pro- 
gram, in which companies' past per- 
formances on major development proj- 
ects are scored to provide criteria for 
selecting contractors for new programs, 
have been sent to the individual military 
departments and to the 21-man De- 
fense Industry Advisors' Council for 
comments (AW Feb. 4, p. 95). 

Defense Dept, hopes to introduce 
the new contractor perfonnance evalua- 
tion plan by July 1. National Aeronau- 
tics and Space Administration, which 
participated in preparation of the evalu- 
ation system, currently is getting reac- 
tions to the plan from its centers before 
introducing the system into NASA pro- 
grams. 

The proposed procedure avoids the 
use of numerical or comparative ratings 
of individual contractors, and no black- 
list of "undesirable” contractors is 

The system will provide a col- 
lection of factual summaries of each 
contractor’s performance in meeting his 
contractual commitments on each major 
program in terms of technical perform- 
ance, cost and schedule. 

Development contracts amounting to 
over SI million are expected to receive 
contractor perfonnance audits at the 
conclusion of the project. In addition, 
contracts whose annual funding exceeds 
S5 million or where the total program 
figure exceeds S20 million, will also re- 
ceive audits at six-month intervals, ac- 
cording to present plans. 

Initial Performance 

The military project manager will pre- 
pare the initial performance evaluation, 
which will be sent to a central evalua- 
tion group of the military department 
involved. If the report is a six-month 
audit, the evaluation group will have 
the option of making an independent 
field investigation with its own team of 
technical, procurement and legal ex- 
it the program is completed, an 
independent field audit is mandatory 
under present plans. 

The evaluation report then goes to 
the contractor involved for his review 
and comments, if he disagrees with its 
contents. 

These comments become a perma- 
nent part of the record. 

The report next is returned to the 
project manager for his review and 
comments on views reported by the con- 
tractor and central evaluation group. 
Tire report then returns to the central 
evaluation group a second time, and the 
group has the option of making another 
field investigation in the event that 


there is a sharp divergence of opinion. 

The procedure is aimed at creating a 
system of checks and balances which 
minimizes the possibility of an unfair 
appraisal. 

The complete report, including all 
project manager and contractor com- 
ments. will then be filed, and will be 
available for use in evaluating bidders 
in subsequent competitions. For ex- 
ample, if companies ”X" and “Y” are 
finalists in a subsequent competition, 
with proposals comparable in all respects 
but price, and if company “X" quotes 
a cost which is 20% less than company 
"Y." the past performance records of 
both companies will be withdrawn from 
the files and analyzed. 

If both companies have a consistent 
record of achieving contractual perform- 
ance requirements, reasonably on sched- 
ule, but company "X" consistently over- 
runs its contract cost estimates by 40% 
while company “Y" normally meets its 
cost estimates’ this might provide the 
basis for awarding the contract to com- 
pany "Y.’’ 

Major Programs 

For major development programs, 
many of which are contracted on a cost- 
plus-fixed-fee basis, there has been a 
strong temptation for bidders to be 
overly optimistic in quoting cost, time 
and performance in their eagerness to 
get the job. Even with cost-plus-incen- 
tive-fee type contracts, there is a ten- 
dency to "promise the moon” to get the 

The new evaluation system is ex- 
pected to provide a much-needed coun- 
terbalance to this situation, according to 
Robert Tucker, assistant director for en- 


Evaluation Plan Tests 

The contractor evaluation plan sub- 
mitted to the services and industry for 
comment was developed by a special 
working group, which was headed by 
Army Lt. Col. Stewart P. Blake. 

The working group also included rep- 
resentatives from all the military depart- 
ments and the National Aeronautics and 
Space Administration. 

The initial rating format prepared was 
field-tested by the working group on 
three existing development programs, 
improvements suggested by this experi- 
ence were incorporated, and the revised 
plan was then given to 19 military pro- 
trial rating of their program contractors. 
Suggestions developed by this second 
field trial were then incorporated into 
the procedure manual currently proposed 


gineering management, office of the 
director of defense research and engi- 
neering. Tucker’s office is responsible 
for preparation of the plan. 

The plan proposed is a "fact-oriented 
rating system,” Tucker said, intended to 
minimize as much as possible the differ- 
ences between individuals involved in 
evaluating different programs. Funda- 
mentally, it seeks to answer the ques- 
tion: How well did the contractor per- 
form what he agreed to do, in terms of 
technical performance, cost and sched- 
ule? 

The evaluation records will show 
the original contract terms as well as 
any modifications introduced by subse- 
quent change orders. 

The records will show also whether 
these change orders were requested 
by the government or the contractor to 
ease his commitment. 

For contractors who are uneasy about 
the new Defense Dept, evaluation sys- 
tem Tucker offers the following advice: 
“Don’t promise more than you hon- 
estly think you can do and if you 
get the contract, accomplish what you 
promised. 

The proposed performance evaluation 
system will not. Tucker emphasized, 
require any additional paperwork or re- 
porting by contractors beyond what now 
is required. Nor should there be a sig- 
nificant increase in the workload on a 
military project manager, providing he 
is doing a good job now of managing his 
program. 

Performance Data 

The data on performance, schedule 
and cost required for the six-month 
progress reports on large programs is 
the same kind of information a project 
manager should already be obtaining 
and analyzing, Tucker said. 

Because the new plan will apply sharp 
pressure on contractors to make more 
realistic commitments, it will also re- 
quire military project managers to draw 
up more realistic and well-defined work 
statements of what is required prior to 
selecting the contractor. This is an- 
other useful byproduct of the plan, ac- 
cording to Tucker. 

For large contractors who have several 
major divisions involved in defense busi- 
ness, performance evaluation reports 
will be filed by individual divisions, so 
that each is judged largely on its own 
performance. However, Tucker specu- 
lated that a certain amount of "corpo- 
rate rub-off” may occur with adverse 
performance of a sister division. Perhaps 
it should be this way, he said, since 
corporate management must assume re- 
sponsibility for all of its defense divi- 
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M-l flight configuration, left, is 25 ft. high, 15 ft. across nozzle base. Two-stagc-to-orbit launch vehicle design, right, based entirely on 
M-l, would weigh 13.6 million lb., generate 17-million lb. thrust, and is expected to place 1-million lb. payload into 140-mi. orbit. 


Higher Thrust Potential Planned for Aerojet M-l Engine 




: facilities include hydrogen si 


Aerojet-General's M-l hydrogen-oxygen engine, designated as 
the upper-stage propulsion system for the Nova launch vehicle, is 
being designed for a greater thrust potential than its current 
uprated value of 1.5 million lb., according to J. C. Moisc, assistant 
M-l program manager. 

Aerojet also envisions possible use of the engine as a booster 
(sec drawing, upper right). As a booster, the engine would have 
a smaller nozzle expansion ratio than that used in the upper-stage 
application, the company says. 

M-l will be ignited electrically and shut down by venting the 
gas generator valve and thrust chamber valve actuators, which 
close the propellant valves by spring action. Turbopnmp assem- 
blies will deliver more than 100,000 slip. 

M-l components will undergo tests beginning this fall. Pre- 
liminary flight rating tests are planned for 1967, engine qualifica- 
tion flights in 1969. 


M-l hydrogen engine gas generator injection assembly is shown. 
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SUD SA-330, assault helicopter now under development, is shown in artist’s concept with proposed ducted fan anti-torque control system 
at the tail. Helicopter would have a crew of two and carry 12 soldiers. 


Sud Planning Twin-Turbine Assault 
Helicopter; Ducted Fans Possible 


Marignanc. France — Sttcl Aviation's 
helicopter division is developing a twin- 
turbine. assault-type helicopter, desig- 
nated SA-330. which is scheduled to 
fly in 1965. 

" French army has indicated strong in- 
terest in the SA-330, originally desig- 
nated the Alouette 4, but no firm orders 
have been placed. 

SA-330 will be designed to carry 12 
troops and two crewmen. Gross weight 
will be five to six tons. Single-rotor 
helicopter will be powered by two 
Turbomcca Bastan 7 engines, each de- 
livering 1,300 shp. Cruising speed will 
be about 1 55 mph., maximum speed 
approximately 180 mph. 

Sud engineers, at the request of the 
French army, are studying a ducted-fan 

torque tail rotor layout. This would 
permit faster flight and improved rough- 
field landing capability. Initial SA-330 
prototype, however, is being built with 
a conventional five-bladed tail rotor. 
Single main rotor is fitted with four 
blades of 49.2-ft.-dia. 

Sud plans to display a full-scale 
mockup of the SA-330 at the Paris air 
show in June. The SA-330 could be- 
come operational in 1967. 

New helicopter is provided with two 
side doors and a rear drop-door for quick 
egress. Sud officials say the SA-330 will 
be an all-weather, highly maneuverable 
vehicle. Use of two 1, 300-lip. turbines 
is expected to give the helicopter a 
power reserve of 88% at normal weight 
and 65% at maximum weight. 

Sud engineers acknowledged that the 
proposed ducted-fan tail system would 
result in consumption of power in sta- 


tionary flight of three times that re- 
quired by a normal tail rotor system. 
However, they expected the Bastan 
twin-turbine layout to supply ample 
power for this flight regime, and that 
the tail fan system will afford a consid- 
erable gain in speed during flight. 

French army is interested by the new 
tail system, as well as other features, 
including a retractable landing gear, de- 
signed to make the SA-330 fast and 
maneuverable. 

Sud’s new helicopter design marks a 
continued effort bv the company's main 
helicopter plant here to hold its im- 
portant position as a helicopter manu- 
facturer. Helicopter sales account for 
20% of Sud’s total business. To date, 
Sud has sold 1,320 helicopters and de- 


livered 1,236. These sales include: 

• Djinn. Sud built 1 50 of these two- 
place turbine helicopters including 100 
for military customers. 

• Alouette 2. As of Mar. 1 5, Sud had 
received 863 orders for this five-place, 
turbine-powered helicopter from 2S cus- 
tomers. A total of 816 Alouette 2s 
has been delivered. 

• Alouette 3. As of Mar. 1 5, Sud re- 
ported orders for 122 of these seven- 
place helicopters and 85 deliveries. Pro- 
duction of 230 vehicles is programed to 
date. Of the 122 ordered, 33 are for 
French military. Tire remainder are 
civil and export orders. 

Sud’s other helicopter production in- 
cludes license construction of 180 Si- 
korsky H-34s. The company also ex- 
pects shortly to go into full-scale pro- 
duction of its 30-passenger Super Fre- 
lon three-turbine, transport helicopter. 

French military orders— army, navy 
and air force— should result in produc- 
tion of 150 to 200 Super Frelons. 
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THE HEAT’S OFF 


Take the heat off your space project . . . and off 
yourself! Assign cooling to UAP. Our heat exchang- 
ers provide cold cures for feverish skybound liq- 
quids, gases and electronic components. Rockets, 
missiles, satellites, spacecraft — UAP equipment is 
now aboard many of the famous names. And more 
are on their way. UAP has manufactured aircraft 
heat exchangers since 1929. We combine tried- 
and-true experience tn heat exchange fundamentals 
with an eager outlook toward new challenges. This 
way you profit from outstanding product simplicity 
and reliability. But at the same lime, UAP equip- 


ment is built to your precise specifications, however 
daring! For details, write ... or phone 224-3841 
today. UAP means United Aircraft Products. Since 
1929 a dynamic, independent company in Dayton, 
Ohio. A name to remember when it comes to heat 
exchangers for space projects. 
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The MRC LAMIFLEX Bearing, latest addition to the MRC 
product line, is designed to move freely in one plane with 
an oscillatory motion while supporting extremely heavy 
loads in relation to the bearing size. Made of alternating 
thin layers of metal and elastomeric material, these bear- 
ings offer many advantages including: no requirement for 
lubrication . . . long service life . . . capable of functioning 
in presence of contaminants with no damage . . . ability to 
function as a seal. 

MRC LAMIFLEX Bearings are now operational on the 
feathering axis and are specified for use in the flapping hinges of 
the Enstrom F-28 Helicopter produced by R. J. Enstrom Corporation, 

Menominee, Mich. Elimination of troublesome daily maintenance and early replace- 
ment are immediate benefits resulting from the use of MRC LAMIFLEX Bearings. 
Our local representative will be pleased to discuss application of LAMIFLEX Bearings in your product. 

MARLIN-ROCKWELL CORPORATION, Jamestown, N. Y. 


LAMIFLEX- a new bearing concept 
in the ENSTROM F-2 8 H E LI C 0 PTE R 


McNamara Shifts Policy, Seeks 
Nuclear Power for Large Ships 


Washington— Defense Secretary Rob- 
ert S. McNamara, reversing his earlier 
stand, now wants all future U.S. air- 
craft carriers and other combat ships 
displacing 8,000 tons or more to be 
nuclear-powered. 

His policy switch was passed to the 
Navy’s sea-based strike forces study 
group, which has been making a detailed 
study of fleet air defense and anti-sub- 
marine warfare, in addition to strike 
forces (AW Feb. 11, p. 35). 

The study group believes that a 
nuclear-powered carrier could be built 
for only 20% more than the cost of a 
conventionally-powered ship, by using 
four reactors instead of eight as in the 
USS Enterprise. In addition, reactors 
are now more efficient than when the 
Enterprise was designed. 

McNamara is currently withholding 
funds appropriated bv the last session of 
Congress for the conventionally powered 
CVA-67. Vice Adin. I-Iyman Kickover, 
the Navy’s nuclear power expert, con- 
vinced McNamara that nuclear power 
was logical and economical if properly 
applied (AW Mar. 4, p. 21). 

When the Navy was preparing its 
Fiscal 1963 budget requests in the sum- 
mer of 1961, McNamara directed that 
the submission specify conventional 
power for the new ship. He believed it 
would be impossible to sell Congress on 
another S 500-million carrier. 

The Navy’s policy now is to seek 
nuclear power for all combat ships dis- 
placing 8,000 tons or more. This would 
include carriers, cruisers and some frig- 
ates. Navy Secretary Fred Korth. in 
testimony before the Senate Armed 
Sen ices Committee Mar. 4. said nuclear 
power is "being given much study and 

"Such evaluations," he said, “weigh 


Polaris A-3X Launches 

Cape Canaveral-First launch of a 
Navy-Lockheed Polaris A-3X from a ship- 
borne platform Apr. 10 resulted m de- 
struction of the missile by the range 
safety officer when it veered off course 
shortlv after lift-off. 

Missile was launched from the USS 
Observation Island, a surface vessel, off- 
shore from the Cape. 

Two days earlier, another A-3X made 
a successful 2,000-mi. flight down the 
Atlantic Missile Range after launch from 
a land pad here. Unit missile carried 
new lightweight glass-fiber rocket motor 

entry vehicle than earlier versions. 


the increased cost of these ships against 
their operational advantages and seek to 
strike a reasonable balance between 
these more costly advantages and the 
over-all requirements of ships to fulfill 
the commitments of the Navy." 

Existence of the study group was con- 
firmed by Adin. George W. Anderson, 
chief of naval operations, before the 
same committee. "We have had a study- 
going on for considerable time. This 
particular study arose because the 
Atomic Energy Commission asked the 
Secretary of Defense whether or not it 
would be feasible and desirable to in- 
corporate nuclear propulsion into the 
CVA-67 which was authorized last year. 

"As a result of this we have had this 


Washington— International Assn, of 
Machinists last week was preparing to 
strike Boeing Co. facilities in 1 3 states 
from Cape Canaveral, Fla., to Seattle. 
Wash. Workers were to be released 
from the 80-day no-strike injunction of 
the Taft-Hartley Law Apr. 15. 

The stage was set for IAM action 
when 37,457 Boeing workers, both 
union and non-union, voted on a final 
company proposal and rejected it by a 
65% vote. Result of the election, con- 
ducted by the National Labor Relations 
Board, was 13,141 to accept and 24.316 

The Boeing case marked the first time 
in the aerospace industry that a dispute 
has reached the critical "last offer" stage 
of Taft-Hartlcv. This stage occurs dur- 
ing the 60th to 75th day of the 80-dav 
injunction period. Within this 15-dav 
period it is required that a final manage- 
ment settlement proposal be put to a 
vote of all workers. Earlier this year, an 
extended dispute between IAM and 
Lockheed Aircraft Corp. was settled on 
the 56th day of the 80-day injunction 

The union position in the Boeing 
case has strong national and local gov- 
ernment support (AW Apr. 1, p. 29). 

National Conciliation and Mediation 
Service, in a final attempt to avert a 
strike, started all-day negotiations-in- 
cluding Sunday scssions-promptly after 
the NLRB announced the rejection. 

A statement by Boeing management 
on the election commented that "it is 
significant that more than 35% voted 
for the company offer." It added: "In 
view of the union-claimed membership, 
the percentage vote for the offer indi- 
cates that many union members, along 
with non-members, want a settlement 


matter under review and under discus- 
sion with the people in the Dept, of 
Defense. In addition, we are studying 
the whole sea-based striking force sys- 
tem which we expect to have completed 
for the Secretary of Defense in the de- 
tail which is desired by April first.” 

The study now is expected to be com- 
pleted by May 1 5. 

Vice Adm. William A. Schoech, dep- 
uty chief of naval operations for air. is 
chairman of the studs group. Guidance 
is furnished by a steering committee 
composed of Assistant Secretary of the 
Navy for Research and Development 
James H. Wakclin, Jr., Adm. Schoech, 
Vice Adm. Ulysses S. G. Sharp, Jr., Rear 
Adm. John B. Colwell, and Maj. Gen. 
Edward W. Sncdeker, USMC. Dr. 
Alain Enthovcn, deputy assistant secre- 
tary of defense for systems analysis or 
his representative, and Rear Adm. Tur- 
ner E. Caldwell arc ex-officio members 
of the committee. 


and do not look with favor on the pos- 
sibility of a strike.” IAM has roughly 
estimated a 70% membership among 
Boeing workers. 

IAM President A1 Hayes said: "Boe- 
ing employes, both union and non- 
union. have made it perfectly clear that 
the company's offer is unsatisfactory. 
Tile next move is now up to the com- 
pany. We are often reminded that the 
defense posture of the entire free world 
depends on continuing production at 
Boeing. We are well aware of our re- 
sponsibility. Not only have IAM mem- 
bers twice postponed strike action at the 
request of the federal government, but 
also we have agreed to settle this dispute 
along lines recommended by the aero- 
space board appointed by the President.” 


Laser Discovery 

New teclmiqm 

for converting light 

output of a rubv 

laser into microwave 



index of rcfractioi 

of a quart/, crvstal has 


scientists at Interna- 

tional Business M 

chines Corp. 

The rcactive-in 


be applied to co 



t longer wavelengths. 


used photocomlnctivc 

converters have re 


It might also be 


in the millimeter : 


length region wh 


extremely limited 


In IBM expert 

icnts. the output of a 



rvstal with reflectors 

placed so that 

adjacent Fabrv-Pcrot 

modes were 423 n 


crystal to produce 

output at 2.964 me. 


IAM Prepares for Boeing Strike 


AVIATION WEEK & SPACE TECHNOLOGY, April 15, 1963 



Lunik 4 Believed to Have Failed in Mission 


By Edward H. Kolcum 


Washington— Soviet reaction to its 
Lunik 4 lunar probe mission has led 
to a belief that the probe failed its pri- 
mary objective to soft-land a payload 
on the surface of the moon, or to take 
detailed photography of the lunar sur- 

Thc vague generalities that character- 
ized official Russian reports of Lunik 4 
support a widespread feeling that the 
Soviet lunar exploration program is 
experiencing problems at least as severe 
as the U. S. Ranger lunar landing pro- 
gram. 


Lunik 4 Launch 

The 3,1 2S-lb. Lunik 4 was launched 
from a parking earth orbit Apr. 2 
(AW Apr. 8, p. 53). It flew past the 
moon Apr. 5 at 8:25 a.m. (EST) at a 
distance of 5,281 mi. Logical develop- 
ment program for lunar exploration, 
according to U. S. space officials, would 
dictate a soft lander, a lunar orbiter or 
a photographic payload for Lunik 4. In- 
stead, the probe missed the moon by a 
greater distance than did Luniks 1 and 
3, which Russia launched in 1959. 

The fact that Lunik 4 took 3.5 days 


to reach the vicinity of the moon indi- 
cates that Russia shaped a flight path 
that sacrificed time for payload weight. 
Several U. S. officials believe Lunik 4 
contained an ejectablc package that was 
to have landed on the lunar surface. 
Normal flight duration from earth to 
moon is about 60 hr. 

Lunik 4 is now in a highly-ellipti- 
cal earth orbit ranging from 55,800 mi. 
to 434,000 mi. Russia said the probe 
gradually will go into a solar orbit, 
as did Luniks 1 and 3. 

Adding to the mystery surrounding 
Lunik 4 was the fact that Russia did 
not ask Great Britain's Sir Bernard 
Lovell to help track the vehicle with the 
large Jodrell Bank radio telescope as 
it has done in the past. 

Jodrell Bank taped signals for 6 hr. 
Apr. 4 after searching the frequency 
band since Apr. 2. The signals suddenly 
stopped, but were picked up again 
Apr. 5 for a period of 44 min., and were 
heard again for 2 min. on Apr. 6. 

Lovell said that in his opinion, the 
signals stopped Apr. 4 because "some 
complicated maneuvers were being 
carried out.” He said there were four 
possible missions for the probe: a 
close pass at the moon, which he con- 



siders unlikely; a lunar orbit; soft- 
landing an instrument package, which 
he feels was the intent, or a circum- 
lunar flight with the payload returned 
to earth. This last possibility he termed 
"the most fantastic of all.” 

Jodrell will attempt to analyze the 
signals, which Lovell said are far more 
complicated than those of Lunik 3. 
Little Coverage 

Moscow’s reluctance to discuss Lunik 
4 objectives and instruments was noted 
in the first announcement of the launch, 
and it increased throughout the flight. 
Radio Moscow virtually ignored the 
flight, and canceled a lecture program 
entitled, "Hitting the Moon” sched- 
uled at 7:45 p.m. Apr. 5 Moscow 
time. It substituted a poetry program 
and an interlude of piano music for the 
scheduled program. 

Soviet news agency Tass carried a 
number of interviews with Russian sci- 
entists who speculated on the signifi- 
cance of Lunik 4, but these comments 
also were vague. 

These were some of the interviews 
carried by Tass: 

• M. V. Viktorov, an astronomer, 
said results will be obtained in the 
fields of launch from orbit, long-range 
communications, and new information 
about the moon. 

• A man identified only as "chief de- 
signer,” presumably of Lunik 4, said 
experiments and observations being con- 
ducted by the payload "will be of great 
importance for future flights toward the 
moon . . . Soviet scientific program of 
studies of the moon is being success- 
fully fulfilled.” 

Tass Reports 

Official daily Tass reports were un- 
usually terse, and said simply that the 
instrumentation was working normally, 
and radio communications were good. 
In a general story on the moon Apr. 7, 
only a brief reference was made to 
Lunik 4 in the Soviet newspaper 
Pravda, and no further references to 
the moon shot were made Apr. 8. 

Lunik 4 was photographed by 
Russia’s 2.6-meter reflector early in its 
flight and appeared as a star of the 
14th magnitude. 

The 2.6-meter reflector also photo- 
graphed the Mars 1 probe. 

There were reports in France and 
Italy that Lunik 4 transmitted tele- 
vision pictures of the lunar surface. 
Two Italian astronomers in Turin said 
Apr. 8 that they monitored television 
signals from the probe, and screened 
six slightly blurred pictures of what, 
they said, appeared to be the surface of 
the moon. 
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NASA Speeds Planetary Program 


Washington— Pace of the U. S. plane- 
tary exploration program has been in- 
creased by the National Aeronautics 
and Space Administration with the 
award of $100,000 Voyager study con- 
tracts to Avco’s Research and Advanced 
Development Div. and General Elec- 
tric's Missile and Space Div., and the 
selection of 10 experimenters for the 
Mars Mariner flyby mission in 1964. 

Voyager is a probe designed to orbit 
Venus or Mars and to eject an instru- 
ment package on the surface of the 
planets. Both Avco and GE have made 
extensive planetary entry studies, based 
largely on nose cone and re-entry body 
work thev have done for Defense Dept, 
and NASA, Avco has made in-house 
studies of Voyager design concepts in 



a program which began last May. 

GE, which previously studied Mars 
entry, Venus/Mars entry capsules and 
Venus/Mars atmosphere under Jet Pro- 
pulsion Lab contracts, has named C. A. 
Taylor study project manager. 

There has been considerable industry 
speculation that Goddard Space Flight 
Center will be assigned management 
of the planetary landing capsule proj- 
ect, because of its experience in devel- 
oping and managing most of NASA’s 
earth satellites. Goddard and JPL have 
both conducted studies of instrumented 
planetary entry capsules. NASA said a 
decision has not been made. 

Experimenters for the 1964 Mars 
flyby spacecraft are California Institute 
of Technology-television, cosmic ray 
ionization and infrared spectrometer; 
JPL-magnetometer and ultraviolet pho- 
tometers: State University of Iowa- 
low energy' cosmic rays: University of 
Chicago— cosmic ray spectrum; MIT— 
plasma probe; Goddard— cosmic dust; 
Stanford University, radio propagation. 
Other experiments will measure inter- 
planetary magnetic fields, charged parti- 
cle flux and cosmic dust density. 

Voyager spacecraft, which will be the 
next generation of the Mariner project, 
is expected to be developed in time to 
take advantage of launch opportunities 
to Mars in December, 1966 and March, 
1969, and to Venus in June, 1967 and 
January, 1969. 


News Digest 


American and Eastern airlines have 
agreed to revise the stock exchange 
ratio of their proposed merger if the 
plan is approved by the Civil Aeronau- 
tics Board. Since the merger agreement. 
Jan. 22, 1962, Eastern’s common stock 
market price has declined and Ameri- 
can’s has risen to the point where both 
are selling at $20-21. Book value of 
Eastern’s stock dropped from $30.96 at 
the end of 1961 to $26.83 while Ameri- 
can’s dropped slightly, from $18.66 to 
$18.49. 

Charles W. Frick, who resigned as 
manager of NASA's Apollo project two 
weeks ago (AW Apr. 8, p. 32), has re- 
joined General Dvnamics/Convair as 
vice president-engineering. 

Dassault Balzac VTOL testbed made 
its first public transition flight before 
top French military officials Apr. 8 at 
Villaroche. The modified Mirage 
fighter, prototype of the Mach 2 Mirage 
3V supersonic VTOL fighter planned 
for operational use beginning in 1966. 
demonstrated vertical takeoff, transition 
to forward flight, aerobatics and high- 
speed performance prior to making a 
VTOL landing. 

Bell 204B, turbine-powered commer- 
cial helicopter version of the military 
UH-1B, has received its Federal Avia- 
tion Agency type certificate. Bell Heli- 
copter Corp. announced the first three 
orders for the helicopter— one to Mitsui 
& Co., Ltd., of Japan, which will make 
a version of the 204B under license and 
two to the Indonesian government 
(AW Mar. 18, p. 39). 


USAF Project Forecast 

Project Forecast. USAF accelerated 
planning effort (AW Apr. 8, p. 25), will 
involve 200 key personnel from Air 

nicnt agencies, as required, at the peak of 
the expected four-month task at Space 
Systems Div. 

Directed by USAF Chief of Staff Cur- 
tis LcMay in conjunction with Air Force 
Secretary Zuckcrt. the intensive planning 
studies will be initiated this week (Apr. 
16) and will project the structure of the 
Air Force in the 1970 decade. The 
studies also will be conducted to assure 
integration of available scientific knowl- 

Gcn. Bernard A. Schricver, com- 
mander. USAF Systems Command, has 
responsibility for conducting Project 
Forecast. Maj. Gen. Charles H. Ter- 
hunc. Jr., is project manager. 
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AIR TRANSPORT 


Douglas to Build DC-9 Despite Order Lack 


Airline reluctance to assure sales forces firm to ini- 
tiate cost-sharing plan with program subcontractors. 

Reluctance of airline industry to place orders for aircraft still in the 
design stage has forced Douglas Aircraft Co. to begin production of its 
short-haul DC-9 twin turbofan transport in order to capture sales, and to 
underwrite some development costs through an unusual cost-sharing plan 
with subcontractors. 

The plan calls for subcontractors to carry a portion of development expense, 
with profits and return on costs being geared to the number of airplanes sold. 
It is the first of this type of contract to appear in aircraft manufacturing. 

These are the basic features: 


• Subcontractor will not receive pay- 
ment for his product until aircraft are 
accepted by airline customers or within 
30 days afterwards. Standard procedure 
now is to make payment within the or- 
dinary billing time after equipment is 
shipped from the plant. 

• Subcontractors must pay Douglas 3 % 
of their expected return to help cover 
flight-test expense. This is payable in 
two increments: one-half within 12 
months of the contract and the other 
half within 24 months. Contract is re- 
negotiable after the sale of 200 airplanes. 

• Contract termination proceedings arc- 
designed to provide the subcontractor 
with a guarantee if fewer than 125 air- 
planes are sold. Reimbursement by 
Douglas for subcontractor units not sold 
would be made in this manner: non- 
recurring or fixed overhead costs would 
be divided by 200-the number of air- 
craft sales on which the rate of return is 
based— to yield the unit non-recurring 
cost. This figure would be multiplied 
by the difference between the number 
of planes sold and 125 aircraft. This fig- 
ure would be the amount reimbursed to 
the subcontractor for unsold items. 

• Extra costs, such as interest on the 


subcontractor's investment between the 
awarding of the contract and final pav- 
ment by Douglas, as well as the 5% 
contribution, will be included in the 
bidder's contract price. 

The cost-sharing plan is basically a 
partnership transaction to share develop- 
ment costs, according to Douglas. It is 
based on market forecast studies of the 
number of units expected to be sold. 

Subcontractors' bids have been re- 
ceived, and contracts have been negoti- 
ated with most of the winners. Actual 
signing of the contracts is expected 
within 30 davs. 

Preliminary design work on the DC- 
9, which is quite similar to the BAC 
111 in operating performance, con- 
figuration and specifications, will be 
accelerated immediately. I'irst flight is 
scheduled for the spring of 1965, with 
certification expected later that year and 
first deliveries beginning early in 1966. 
BAC 1 1 1 deliveries will begin in 1964. 

British Aircraft Corp. has sold 41 
BAC Ills. At one time, Douglas had 
received indications of confidence from 
airlines that pointed to the sale of 125 
aircraft, but this figure reportedly has 
now dropped to about 100. 


In general, most airlines are being 
noncommittal toward the DC-9, al- 
though cost studies conducted by sev- 
eral carriers point to a need for a short- 
haul plane such as the DC-9 or BAC 
111. United Air Lines is studying both 
aircraft, but since it has ordered 40 
Boeing 727 transports, it feels that its 
interest in them lies in the far distant 
future. American Airlines has also or- 
dered the 727, but is looking at both 
the DC-9 and BAC 111 carefully, with 
the idea of placing an early order for 
one of the models. American President 
C. R. Smith, accompanied by W. J. 
Hogan, executive vice president and 
chairman of the finance committee, 
talked with BAC officials during a re- 
cent trip to England. 

TWA is interested in the DC-9, 
BAC 111 and the Sud Caravelle. but 
may turn to more 727s for its medium- 
haul requirements. Eastern feels the 
DC-9 is too large and one official termed 
it a Lockheed Electra replacement 
rather than a Convair 340 or 440 re- 
placement. National Airlines echoed 
this view by saying that if it did pur- 
chase the DC-9, it would use the plane 
to replace its Electras. It is not com- 
mitting itself at this time. 

Delta is showing enthusiasm for the 
DC-9, and noted that "there is defi- 
nitely a place in today's air transport 
industry' for an airplane with the capa- 
bilities of the DC-9." Delta said it 
will continue to “watch the develop- 
ment of the DC-9 very closely." Alaska 
Airlines is also showing strong interest. 

Bonanza Airlines, recently turned 
down by the Civil Aeronautics Board in 
its bid to purchase a fleet of BAC Ills 
(AW Mar. IS, p. 50), does not believe 
the Board will allow it to buy the 
DC-9 at the present time. If the 
Board's opposition to small jet planes 
for local service carriers continues, it 
will have a dire effect on the sales of 
both the DC-9 and the BAC 111. 

Hawaiian Airlines is definitely inter- 
ested in a short-range jet transport and 
has requested CAB to approve the pur- 
chase of three BAC 1 1 1 transports 
(AW Jan. 18, p. 37). Mohawk Airlines 
has ordered the BAC 111, but the con- 
tract drew a sharp rebuke from the 
CAB (AW Mar. 4, p. 34). 

Meanwhile, reaction to the Douglas 
cost-sharing plan has been good, al- 
though some subcontractors are dubi- 
ous over the termination provisions and 
feel that if the program fails, their 
losses will be substantial. However, one 
major subcontractor said that only one 
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company that had an opportunity to 
bid decided against participation be- 
cause of the cost-sharing program. 

Subcontractors who feel they have a 
good chance of winning a place in the 
DC-9 project agree that the prime 
requisites of the program arc quality 
products and the ability' to obtain the 
financial backing necessary to partici- 
pate in the sharing of initial devclop- 

One subcontractor described its role 
as “sharing the design responsibility 
and carrying a portion of the develop- 
ment cost which would be amortized 
over the number of airplanes sold.” 
Another bidder said the program repre- 
sented a joint development effort with 
Douglas, taking the same corporate 
risks, but at the same time receiving 
the same profit as Douglas if the project 
is successful. 

In its official announcement of the 
DC-9 program, which was originallv 
termed the Model 2086, Douglas took 
notice of its British competitor. “While 
our decision to build the DC-9 had to 
be, and is, based on our best business 
calculations, we are also conscious of 
the benefit to our national interests of 
this project,” Douglas said. “American- 
built aircraft have been pre-eminent in 
world air commerce for almost 30 years. 
We shall be pleased to help, once again, 
in maintaining that position of leader- 

Douglas plans a longer-rangc, 83,000- 
lb. version of the present model, which 
has a gross weight of 77,000 lb., that 
it will build for customers with longer 
routes, such as Trans-Canada Air Lines. 


Trans-Canada has shown strong interest 
in the airplane and will make its deci- 
sion bv late summer. 

The DC-9 will be powered by two 
aft-mounted Pratt &• Whitney JTSD-5 
turbofan engines. The JT8D-5 is a 
version of the JT8D-1, which is the 
powcrplant for the Boeing 727 and the 
planned powerplant for the Sud Cara- 
velle Super B model. A reduction in 


maximum thrust rating from 14,000 to 
12,000 lb. was attained by reducing 
both rpm. and engine operating tem- 
perature, which is expected to give the 
engine longer life and lower mainte- 
nance costs. 

The basic BAC 1 1 1 will be powered 
by two Rolls-Royce Spey 163-2 bypass 
engines of 10,400-lb. thrust. However, 
British Aircraft Corp. and Pratt & 
Whitney are now negotiating for the 
use of the JT8D-5 on the BAC 111. 
Time between overhauls (TBO) on the 
JT8D-1 is estimated at 2,500 hr. at the 
time of its introduction, and the manu- 
facturer plans to recommend a similar 
TBO for the JT8D-5 to the Federal 
Aviation Agency. 

Lower temperature and stress level 
ratings for the JT8D-5 are expected to 
increase the life of most hot section 
parts by 50% and burner can life by 
25%. “The engine has steel and tita- 
nium compressor blades rather than 
aluminum blades. 

The DC-9 will cruise at Mach 0.8 
above 22,000 ft.-altitudes, while the 
BAC 111 has a maximum cruise speed 
of Mach 0.78 at 21,000 ft. Maximum 
takeoff weight of the DC-9 is 77,000 
lb. and 73,500 lb. for the BAC 111. 
Maximum landing weight for the BAC 
111 is 67,000 lb., compared with 73,- 
350 for the DC-9. 

Douglas has planned a high landing 
weight to permit landings on multi-stop 
routes with a full payload and sufficient 
fuel for both reserves and continued 
operation over route segments without 
refueling. The manufacturer says that 
the plane will carry 70 passengers 860 


American Pilots Act to Form New Union 

New York-Amcrican Airlines' 1,850 pilots may be formed into a new union 
called the Allied Pilots Assn, as a result of Air Line Pilots Assn, pressure to dissuade 

Americans' flight engineers to have commercial pilot and instrument rating (AW 
Mar. 18, p. 41). 

Iii return for eliminating the added training expense to American, the company has 
agreed to concessions for flight crews— primarily a reduction in monthly flight time 
from 85 hr. to 75 hr. ALPA has threatened leaders of the pilots negotiating coin- 

act” cards to the pilots. Essentially, the cards would give the present pilots' negotiat- 
ing committee power to consumate a contract with American regardless of ALPA’s 
objections. 

Temporary president of the new union would be Nicholas J. O'Connell, head of 
American pilots negotiating team. Cards arc being sent only to Americans' pilots and 
not to any flight engineers. The pilots said they do not intend to solicit engineers 
membership in the new union but it will be opened to them should they want to 
join it. Provisions of the contract negotiated by the new union also would be open 
to the engineers. 

Main purpose of the cards, according to the pilots, is to clarify that O'Connell 
and the negotiating team are the legitimate bargaining representatives of the pilots. 
If a majority of tire pilots approve the authorization, the new Allied Pilots Assn, will 
schedule a meeting soon to draw up a constitution and bylaws and will make appro- 
priate overtures to the National Mediation Board. 
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mi. Total range is reduced approxi- 
mately 110 mi. for each stop. Three 
stops, for example, will give it a range 
of slightly over 600 mi. with full pay- 
load. 

The DC-9 will carry 70 passengers in 
a single-class configuration, 65 passen- 
gers in a mixed class and 83 passengers 
in a total economy or tourist configu- 
ration. Passenger capacity of the BAC 
1 1 1 is the same. Maximum seating ca- 
pacity of the Catavelle Super B is 80 
passengers. 

Wing spans of the three aircraft com- 
pare this way: DC-9, 87 ft. 4 in.-, BAC 
111, 88 ft. 6' in.; Catavelle, 112 ft. 5 in. 
Over-all lengths of the planes are: DC-9. 
103 ft.; BAC 111, 92 ft. 6 in.: Cara- 
velle, 108 ft. 3 in. Heights are: DC-9, 
27 ft. 4 in.; BAC 111, 23 ft. 9 in.: 
Caravelle, 29 ft. 5 in. 

High Block Speed 

Douglas says that high block speed 
will be attainable at all ranges of the 
DC-9. Assuming maneuver time to be 
12 min., block time for a stage length 
of 200 mi. is 37 min. For a range of 
800 mi., block time is 1 hr. and 43 

Placard speeds will permit high 
cruising speeds at short ranges and low 
altitudes. At 11.500 ft., for example, 
cruise speed is 468 mph. 

Takeoff capability permits short-field 
operations. The DC-9 is being designed 
to take off from a 5,000-ft. runway on 
an 86F day at sea level with 70 pas- 



Insurance Firm Investigation Is Asked 

mended an immediate Board investigation of the possible influence exerted by major 
insurance and investment firms over Trans World Airlines and Pan American World 
Airways (AW Apr. I. p. 41). 

Acting on a complaint filed by Hughes Tool Co., the Bureau of Enforcement said 
there are "reasonable grounds” to believe that the airlines had violated provisions of 
the Federal Aviation Act in planning their merger proposals, as charged by Hughes 
Tool. 

lire company specifically contends that Metropolitan Life Insurance Co.. Equit- 
able Life Assurance Society, and Irving Trust Co. gained control of TWA without 
prior CAB approval. It further alleges that Dillon. Read and Co. and TWA officers 
conspired to obtain control of the airline for their own purpose, and that Pan Amcri- 

tintions with the express purpose of eliminating TWA as a competitor. 

Noting that TWA and Hughes Tool Co. are now engaged in a series of legal ac- 
tions. the Bureau advised CAB that it should first determine whether to exercise its 
own authority, since the issues are the same as those before the courts. 

In addition, the Bureau also reminded CAB that it should re-examine its approval 

78$/of TWA stock was placed in the hands of a voting trust, most of whom were 
selected by Metropolitan and Equitable. 


sengers for a 475-mi. range segment. 
On a standard day, a DC-9 with the 
same payload can take off from a 
5,000-ft. runway for a range of 600 mi. 

Maximum landing weight of 75.350 
lb. will require less than a 5,000-ft. field. 
Douglas estimates that normal landing 
weight will be about 65.000 lb., result- 
ing in a corresponding reduction in 
landing field length requirements. The 
DC-9 landing approach speed is 1 30 
mph. and corresponding stall speed is 
about 100 mph. It will be equipped 
with double-slotted flaps mounted on 
external hinges. No leading edge takeoff 
or landing devices will be incorporated 
into the configuration. 

The DC-9 will be designed to oper- 
ate at less than SI per mile for all 
ranges in excess of 450 mi., based on 
the 1960 Air Transport Assn, cost equa- 
tion. Direct operating costs per scat 
mile will be 1.34 cents with a 70-pas- 
senger arrangement, or 14,350 lb. pay- 
load, at ranges of about 800 mi. under 
high speed cruise. For shorter ranges, 
such costs are higher but slightly under 
two cents per seat mile. 

The DC-9 electrical svstem incorpo- 
rates a 400 cycle, three-phase a.c. elec- 
trical system. A 40-kva. brushless gen- 
erator is mounted on each engine 
through a constant-speed drive unit. 
The system will also include two 50- 
amp. transformer-rectifiers to generate 
2S v. d.c. power, and both systems will 
operate separately in a non-parallel con- 
figuration. In the event of failure of 
either the a.c. or d.c. system, power can 
be transferred by automatic controls 
from one to the other. The airplane 
will be equipped with batteries to pro- 
vide 45 min. of emergency electrical 

Standard navigation, communications 
and beacon systems will be installed in 


the aircraft, and additional space has 
been made for two HF systems, one 
Doppler and one tape recorder. 

Both hydraulic systems will be 
equipped with an engine-driven pump 
and a backup electric motor-driven 
auxiliary pump. Fire-resistant Skvdrol 
500A fluid will be used at a pressure of 
3,000 psi. During flight, rudder and 
spoiler subsystems operate at 1,500 psi. 
while brake, nose wheel steering, wing 
flap and gear retraction subsystems are 
completely depressurized after takeoff. 

Main landing gear and nose gear arc 
of conventional design. 

Fuel Capacity 

Fuel capacity of the DC-9 is 2,745 
gal. Two integral wing tanks and two 
feed tanks under the center wing sec- 
tion will be installed. On the larger 
version of the aircraft, fuel capacity will 
be increased by the addition of another 
tank in the center wing section. 

Two-spar construction will be used 
on the wing. Leading edge will have a 
wing box with three shear webs. Wing 
skins will be continuous across the load 
transfer area at the wing-fuselage junc- 
ture. Lower wing surface will be 
2024-T4 1 llo ind lie 

surface will be 7075-T6 aluminum alloy. 
Wing sweep is 24 deg., wing area is 92 5 
sq. ft. and aspect ratio is 8.25. 

Windows, 10 in. x 14 in., will be in- 
stalled in even- frame bay. Windows 
are machined panels with coined edges 
and coined attach holes. 

Doors of the aircraft will have multi- 
locking devices. 

Empennage is T-shaped with hori- 
zontal tail on the top of the vertical 
stabilizer. 

The DC-9’s horizontal tail is adjust- 
able to provide a wider center of gravity 
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OAS Studies Need for U.S. Aviation Aid 


By Robert H. Cook 

Washington— Latin America would 
receive more than half of all the aid 
money the U. S. plans to spend on avia- 
tion development throughout the world 
under proposals now being studied bv 
the Organization of American States 
(AW Apr. 1, p. 38). 

Under the current Alliance for Prog- 
ress program, the long-range bill may 
climb even higher, as the estimates of 
four Latin American countries, which 
OAS declined to identify, indicate a 
need for U. S. grant and loan aid total- 
ing S5.5 billion over the next 10 years. 
The sum includes highway, rail, mari- 
time and air transportation projects. 

Aviation continued to receive the 
lowest priority in the transportation field 
in this estimate, accounting for only 4% 
of the total, but the sum allotted — S218 
million— is an indication of increasing 
interest in this field. 

The significance of this figure, par- 
ticularly since it involves only four of 
more than 20 South and Central Ameri- 
can countries eligible for foreign aid, is 
more apparent when compared with the 
total U. S. foreign aid distributed last 
year for this purpose. In the form of 
direct grants and loans, the Agency for 
International Development (AID) al- 
lotted only S10.6 million for aviation 
development throughout the entire 
world. Of this total, Latin America 
received $2.6 million. 

Expressed in another manner, the av- 
erage S21.8 million desired by the four 
Latin countries through the next decade 
is double the total Fiscal 1962 foreign 
aviation aid bill, and nearly 10 times 
the sum allotted to all of Latin America. 
Cost of Aid 

While it appears that Latin America’s 
requests for aviation aid may multiply 
several times, the ultimate cost may be 
considerably less if the U. S. adopts 
recommendations of the Clay Report 
that call for greater emphasis on repay- 
able loans rather than direct grants, and 
stress the necessity for governments to 
fully justify and document their aid re- 

Leaning heavily on the prospect of in- 
creased foreign aid, the OAS is making 
a comprehensive study of Latin Ameri- 
ca’s present and future air transportation 
needs. During a meeting of government 
civil aviation experts last month, OAS 
said, “special emphasis was placed on 
the need for the study to include the 
possibilities of obtaining the financing 
needed to promote the expansion of air 
transportation, within the system of 
financial assistance established under 
the Alliance for Progress.” 


Initial findings of the study which 
may be available by the end of this year, 
are expected to encompass the follow- 

• Detailed inventory of all existing 
equipment, installations, services and 
personnel. 

• Projection of future needs in these 

• Total cost of necessary expansion and 
methods of financing. 

• Possibility of lowering airline costs 
through consortiums or joint use of fa- 
cilities and services. 

The study will cover both domestic 
and international air transportation, and 
will analyze the economic effect on the 
industry of different markets, types of 
service, user charges, taxes, navigation 
facilities and International Air Trans- 
port Assn, fare structures. 

The study pointed out that Latin 
America has at least one carrier for each 
country and 10 international airlines— 
including U.S. flags-compcting in do- 
mestic and international markets. In 
view of this, OAS has placed particular 
emphasis on obtaining complete, ac- 
curate traffic statistics, “including true 
origin and destination data on passen- 
gers.” 

Ending Chaos 

There is considerable doubt within 
the aviation industry that OAS can end 
the chaos that has characterized past 
attempts at an exchange of traffic data 
between the U. S. and Latin American 
governments, or among individual Latin 
American governments and airlines. 
Desire for national prestige has also 
thwarted several proposed mergers or 
pooling agreements, such as suggested 
recently by Acrolineas Argentina, Aero- 
naves de Mexico, Avianca of Colombia, 
Varig of Brazil and Viasa of Venezuela 
(AW Jan. 14, p. 45). 

Domestically, there are strong indica- 
tions that the OAS study will generate 
sufficient evidence to justify a substan- 
tial increase in U.S. aid for this pur- 

Federal Aviation Agency, which 
serves as technical agent for AID in 
aviation development projects, has long 
held that AID has failed to give proper 
recognition to the role of aviation in 
the economic growth of foreign coun- 

A strong supporter of the OAS 
study, FAA contends that much of the 
Latin American air transport system is 
outmoded and needs to be overhauled. 
Particular emphasis should be placed 
on development of the countries’ do- 
mestic airports and airways facilities as 
the most practical and economic means 
of improving their over-all transporta- 


tion networks, the agency contends. 

AID has no specific plans to expand 
the amount of aviation aid for Latin 
America, since most of the larger proj- 
ects are nearly completed, but it agrees 
that if more funds are available, they 
should be channeled into improving 
domestic operations. The agency 
pointed out, however, that the individ- 
ual governments concerned must first 
decide the importance of air transporta- 
tion in their long-range economic de- 
velopment plans, and then justify this 
need in any application for AID funds. 
Careful Evaluation 

Against this background, many ob- 
servers feel that the first, and greatest 
hurdle faced by the OAS will be con- 
vincing member governments to evalu- 
ate more carefully the cost of building 
and maintaining expensive highway, 
rail and maritime facilities as opposed 
to domestic airline sendees that may 
do the job at a fraction of the over-atl 

Ihe S5. 5-billion estimate made by 
the four Latin countries for transporta- 
tion development is an example of this 
problem, since 56% of the sum is ear- 
marked for highways and 32.6% for 
railroads. Much of the highway con- 
struction planned would be in moun- 
tainous country where it might be far 
more economical and efficient to substi- 
tute air travel, these observers have con- 
tended. 

“In other words, in most of the areas 
where large sums of Alliance for Prog- 
ress funds are being used to subsidize 
highway facility construction, air trans- 
portation is more economical. Large 
investments of natural resources are 
now being made to finance extensive 
highway construction in areas where 
volumes of available traffic arc so low 
that conclusive economic justification 
is precluded,” OAS contends. 

Highway transportation and develop- 
ment can be economically justified in 
well-populated areas over level and roll- 
ing terrain for distances of several hun- 
dred miles. 

It is conversely impractical in moun- 
tainous country because of the circui- 
tous routes, steep, twisting grades and 
daily cargo volumes too low to justify 
expensive construction and maintenance 
costs, the organization feels. 

Domestic airline development proj- 
ects that should be pursued include 
additional landing strips, communica- 
tions, pilot and mechanic training, me- 
teorology and weather forecasting sta- 
tions, emergency lighting for strategi- 
cally-located landing strips and other 
general aides to air navigation, OAS 
believes. 
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Here’s the only Jet 
now flying 

that can carry almost 50 tons of 
cargo or 189 passengers 
or any profitable combination of both 
over long distances 
at nearly 600 mph 

THE DOUGLAS DC-8F “JET TRADER” 



The “Jet Trader” is not a makeshift cargo- 
passenger conversion. It is designed to be 
convertible. 

Floors, doors, bulkheads and other structural 
members are engineered to handle heavy, bulky 
loads, while comfort and convenience features 
for luxury passenger accommodations are 
equivalent to those in the latest model DC-8s. 

Cargo capacity for this aircraft is 95,282 
pounds over intercontinental ranges. An 
extremely large cargo door allows loading over- 
size containers. And a built-in, lightweight 
cargo handling system speeds on or off loading. 

As an all-passenger aircraft, up to 189 per- 
sons can be accommodated. 


There are 12 basic passenger/cargo combina- 
tions. Any of these can be arranged in less than 
2 hours. Provisions are made for both bulk 
cargo and pallet cargo. Seats are track mounted 
for quick rearrangement. When cargo is trans- 
ported, fold-down baggage racks protect the 
cabin windows. 

The “Jet Trader” is available now for early 
delivery. It has been flying since November, 
1962; has already been ordered by 6 airlines. 

For detailed specifications, route studies, and 
performance information please address Mr. 
J. O. Moxness, Vice President Commercial 
Sales, Douglas Aircraft Company, Long Beach, 
California, U.S.A. 




UNITED AIR LINES CARAVELLES arc currently undergoing modification in San Francisco prior to service introduction on medium-range 
routes in conjunction with Boeing 727s. Caravelle 1962 load factor was 5796, compared with United's 51.2% system-wide average. 


United Plans Caravelle-727 

By James R. Ashlock 


San Francisco— Caravelle aircraft of United Air Lines arc being programed 
to operate on medium-range routes in conjunction with all-first-class Boeing 
727s, a plan which the carrier feels will reduce the French jet’s operating costs 
through expanded utilization. 

The Caravclles, which United officials acknowledge have been operating 
at direct operating costs (DOC) considered high for a twin-engine jet, are 
currently passing through their first major overhaul here. Twelve of the 20 


aircraft have been overhauled, and the 

"The DOC on the Caravclles was 
S772 per aircraft hour in 1962," a 
United spokesman told Aviation Week 
& Space Technology. “We originally 
thought it would be about $650 an 
hour, but that proved unrealistic." 

lie attributed the higher costs to 
short route segments, unexpectedly 
frequent engine changes and the special 
maintenance schedule drawn up for the 
Caravclles. 

United feels the Caravelle will be a 
good partner for the 727s it now has on 
order. Like the Caravelle, the 727 will 
be an all-first-class airplane, which can 
be backed up by the Caravelle to en- 
sure schedule reliability. The Caravelle 
is expected to receive enough extra 
work in this role to improve its daily 
utilization. 

Average stage length of the Caravelle 
is currently 424 mi. Its average trip 
time has been 1 hr. 12 min., with a 
daily utilization of 5 hr. 6 min. on an 
average of 4.3 trips per day. Daily 
utilization has reached 8 hr. in peak 
periods. Hourly pay for the three-man 


last will be completed about mid-July. 


cockpit crew has been S8 less than on 
United Boeing 720s and Douglas DC-Ss 
in consideration of the Caravclle’s lower 
gross weight. 

"The DOC will probably come down 
to around S750 an hour with extensions 
of engine and airframe time-between- 
overhaul ITBOl and improvement of 
in-service reliability." Tom ). Richert, 
assistant to the vice president of engi- 

it isn’t expected to go anv lower so 
long as we operate the Caravelle as we 
arc presently.” 

Despite its special problems. United 
feels the Caravclles have accomplished 
the purpose desired when the first one 
was delivered in February, 1960. Al- 
though they are operated as all-first- 
class, which reduces loads on weekends, 
the Caravclles' load factor in 1962 was 
57%, well above United's system-wide 
average of 51.2%. Their revenue pro- 
cural was the best of any United air- 
craft, off-setting somewhat their having 
the highest DOC in the fleet. 


Integration 

Caravclles have also enabled United 
to capture a good portion of the market 
in the competitive market between Chi- 
cago and New York. With them, 
United has a heavy schedule frequency 
into which the 727s can be integrated. 

“The full potential of the airplane 
probably won’t be realized until it goes 
to work with the 121 ," Richcrt said. 
"There should be plentv of occasions 
when it can be used for back-up or 
special-section support." 

Caravclles will continue to operate 
on their present routes after the 727s 
are delivered, but United expects to 
gain sonic extra utilization of the air- 
plane by using it for a backup or extra 
section airplane to the 727, in addition 
to its regular chores. 

Caravclles have had to carry their 
own weight with United, often operat- 
ing without benefit of jets to fill in for 
them when problems arise. Much of 
the on-line interruptions have originated 
with the Rolls-Royce Mk. 532R Avon 

In June-Julv of last year, the Avons 
were averaging 13 premature removals 
a month, or about 20 per 10,000 hr. 
of operation. Since then the average 
has dropped to nine removals a month. 
But this is still well below the reliability 
factor of United's Pratt & Whitney 
JT4A-3 and JT3D-1 powerplants, which 
average less than five premature re- 
movals each month. 

P. A. Fruchauf, director of engineer- 
ing operations, explained that many 
premature engine removals were the 
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Ship BIG with the Argosy... 


CAPITOL AIRWAYS CAN PROVE IT PAYS! 




Capitol Airways, which operates Whitworth 
Gloster Argosy freighters to carry outsize and 
other military cargo on Logair routes in the U.S., 
now offers 28,000 lbs Argosy payload capacity for 
commercial charter. Consignments up to 8 ft. 
wide, 6 ft. high and 46 ft. long can be loaded at 
truck-bed height through full width doors at 
either end of the fuselage. With this easy hand- 
ling, and jet delivery speed, Capitol can help you 
airship your outsize cargo and cut distribution 
costs on many products. Just call Bill Leonard, 
Capitol’s V.P. Sales at Nashville, Tenn., ALpine 
6-5115, or write Capitol Airways, Berry Field, 
Nashville, Tenn. 


The Argosy is built by Whitworth Gloster Aircraft Ltd., Coventry, England for 

HAWKER SIDDELEY AVIATION 

32 Duke Street, St. James's, London, S.W.t. 

U.S. Enquiries to: Arthur Norden, 551 Fifth Avenue, New York 17, Tel: OXford 7-2890 
46 



result of a peculiar “rotating stall” in 
the compressor section. Certain blades 
in the 17-stage compressor would stall, 
with the stall then rotating around the 
section and affecting other blades. This 
touched off a vibration in the tail sec- 
tion and necessitated engine removal. 

Speculation exists that some of this 
problem arose from United’s special 
specifications for the engine, which 
called for the addition of the 17th com- 
pressor stage to bring the thrust rating 
up to 12,080 lb. 

To correct the problem. United ini- 
tiated a 24-itcm modification of the en- 
gines, about half of which have been re- 
worked. Carrier also asked pilots to 
minimize engine operation in the 5.000- 
6.000 rpm. range— the area where blade 
stall occurred most frequently. The 
modification involved primarily the al- 
teration of clearance and tension toler- 
ances in the compressor section and 
changes to the variable inlet guide vanes. 
Vibration Frequency 

United is also checking each com- 

C ressor blade for individual vibration 
rcqucncy. assuring that each is within 
prescribed tolerances. This check alone 
has caused a rise in costs attributable to 
the engine. United officials said. 

The Mk. 532R on United’s Cara- 
vellcs is also the first of this series to be 
equipped with a thrust reverser, another 
of the carrier’s specifications. Although 
the reverser has worked well except for 
some minor metal cracking, the mainte- 
nance of it has boosted costs above 
those reported by foreign users of the 
same engine. 

United also experienced an unsatis- 
factory frequency of engine shutdowns 
initially due to false fire warnings. They 
were averaging one or two a week— a 
high rate for only 20 airplanes. 

Caravclles came equipped with a 
Gravinier fire-waming system of Euro- 
pean manufacture. United officials said 

variations, which touched off false warn- 
ings. Using components manufactured 
by Fenwall, United redesigned a custom 
system that included a repositioning of 
sensors. The modification cost approxi- 
mately S3.000 per airplane, but false 
warnings have been reduced to tolerable 
ratios. 

Engine vibration also necessitated a 
major strengthening of the tail assembly 
attachment during overhaul. Attach- 
ment bolts were found to have a limited 
fatigue life, and have been replaced by 
larger ones with no fatigue restrictions. 
Internal structure of the tail assembly 
has also been beefed up. 

This was United's second round of 
concern with the Caravelle’s vertical and 
horizontal stabilizers. Even before the 
aircraft were received from Sud Avia- 
tion, United insisted that the tail sur- 
faces be strengthened against skin crack- 


ing due to sonic vibration. The surfaces 
were given an X-ray examination each 
500 hr. during early operation, but this 
has been discontinued, since no damage 
became evident. 

Two areas in which United antici- 
pated difficulties, but which held up 
better than expected, were in the Cara- 
vclle's mechanical control system and in 
the area around the enlarged cockpit 
windscreen. Fruehauf said the fully pow- 
ered control arrangement, which fea- 
tures four individual hydraulic systems, 
had performed flawlessly. Nor had there 
been any failures around the wind- 
screen, where the fuselage structure was 
altered to give the crew 50% more visi- 
bility. 

Some galling of shock and strut cylin- 
ders on the landing gear created prob- 
lems. but none that affected reliable 
action of the gear. Because of the Cara- 
velle’s gross weight of 110,231 lb., the 
gear did not require the exotic, heat- 
treated metals that need special treat- 
ment on larger jets. 

"The gear works beautifully,” Frue- 
hauf said. "We haven’t had anything 
like the problems we experienced with 
our larger jets’ landing gears.” 

United pilots have voiced general 
satisfaction with the Caravelle’s han- 
dling characteristics, although some feel 
the engines are slow in coming up to 
full power, causing apprehension on 
minimum-visibility landings. 

Preparation for the Caravelle over- 
haul program was the most intensive 
ever undertaken by United for a specific 
aircraft. Teams were sent to Europe 


to study the maintenance procedures 
of foreign Caravelle users. In class- 
room orientation, each man assigned 
to Caravelle maintenance was supplied 
with a pocket-size quick-reference de- 
vice, designed by United, for convert- 
ing metric units to English units. Some 
maintenance personnel were brought in 
from line points because they could 
speak French. 

“In negotiations with the Federal 
Aviation Agency, we took advantage of 
other carriers’ experience and gained a 
3,000-hr. TBO on the airframe,” Freu- 
hauf said. "This was a precedent in 
the U. S., where 2,500 hr. is the usual 
starting point." TBO on the Avon en- 
gines started at 1,400 hr., but will go 
shortly to 1,600, Fruehauf said. 

Parts Stockpiling 

In stockpiling more than 14,000 sepa- 
rate parts and materials. United made 
widespread use of computers in deter- 
mining frequency of parts use, proper 
delivery timing, advance ordering re- 
quirements and lead time needed by 
suppliers. Douglas Aircraft was the ini- 
tial stockpiler of Caravelle components, 
but the role has been assumed by Pa- 
cific Airmotivc since Douglas canceled 
out as Sud's U. S. representative. 

“We actually over-supplied ourselves 
on Caravelle parts," Freuhauf said, “but 
we couldn't take any chances with sup- 
ply lines extending all the way to 

Sud’s practice of supplying subcon- 
tractors with master jigs from the Tou- 
louse plant has resulted in United's 
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WHY A SEMI-AUTOMATED CYLINDER OVERHAUL LINE? 


Because we still haven’t found a mechanical 
substitute for the skill and judgement re- 
quired for a high quality overhaul. There 
are too many variations to compensate for; 
almost every cylinder requires a different 
treatment. Airwork installed enough cyl- 
inder overhaul automation to sharply reduce 
the cost per cylinder . . . but retained all the 
stations where human judgement preserves 
the quality of individual cylinder overhaul 
methods. 

For example, Airwork replaces all valve 
guides at overhaul. The new valve guides are 
reamed to exactly fit (within .0015") their 
mating valve stem. The valves are measured, 
then put in a special board that shows ex- 
actly which one goes with the cylinder being 
reamed. The operator mikes the valve stem, 
then selects the right size reamer from the 


more than 200 stored in the cabinet in the background. 

To maintain accuracy, the normal .006" taper in the 
valve stem has been reduced to not more than .002" on a 
special honing machine before it reaches this station. The 
combination of a less barrel shaped valve stem and a more 
accurately fitted valve guide provides maximum protec- 
tion against oil leaks. 

Airwork uses automation to reduce the physical effort 
involved in handling 
28-pound cylinders . . . 
but keeps all the skills 
a quality overhaul de- 
mands. This is progress 
— without loss of crafts- 

reason an Airwork over- 
hauled engine will pro- 
vide a long, trouble-free 
operating life. 




receiving parts that are exact in every 
detail. This policy differs from that 
of many aircraft manufacturers, who 
merely give out specifications and let 
the subcontractor choose his own means 
of production. 

“It’s a real comfort to know the 
components you receive arc ready to go 
right on the aircraft, and that they will 
fit.” Freuhauf said. “This has saved 
us quite a bit of money.” 

Supply Coordinator 

United also stationed a parts sup- 
ply coordinator in France, but delivery 
proceeded so smoothly that he was re- 
called in March. 

Sud still has two technicians at the 
United base here, and Rolls-Royce has 
eight technicians. 

United wanted to keep the same 
team on Caravelle overhaul to gain 
maximum use of the group’s learning 
curve. Thus it was decided to run the 
Caravclle’s through overhaul one after 
the other, rather than stagger them, 
as are the DC-8s and 720s. 

Drawing up the routing chart that 
would bring the Caravelles here in suc- 
cession. United had to cut 700 hr. off 
the first aircraft allowable TBO so that 
the twentieth would come in when its 
airframe had logged 3.000 hr. Thus, 
only 83.2% of the authorized TBO time 
on the 20 Caravelles was used up before 
the overhaul cycle began. In compari- 
son, United is able to use 91% of the 
time on its DC-8s through staggering 
their overhauls. 

“But after this first overhaul, we’ll 
schedule the Caravelles for overhaul on 
a pattern similar to that for the DC-8s. 
and we won't have so much throw-away 
time,” Richert said. “The next over- 
haul cycle for them should come about 
September, 1964. 

Since no Caravelles are scheduled 
west of Omaha, United used them as 


TWA Orders 320Cs 

New York-Three Boeing 707-320C 
jet freighters have been ordered by Trans 
World Airlines, a move predicted earlier 
by Aviation Week & Space Technology 
(AW Apr. 1, p. 49). 

Cost of the aircraft, including their 
American Machine & Foundry cargo 
handling systems, is $24,300.000.' Of this 
sum. approximately $1$ million may be 
supplied by lending institutions and the 
rest will come from the carrier’s cquip- 

A lease arrangement is also being con- 
sidered by TWA. 

Delivery is scheduled for April, May 
and June of 1964. Although they will be 
convertible to passenger use, the aircraft 

transatlantic routes in all-cargo configura- 



USAF, FAA Approve TF33-P-7 

Pratt & Whitney Aircraft’s TF33-P-7, 21,000-lb. thrust turbofan engine which will power 
the Lockheed C-141 transport, has been approved by both USAF and the Federal Aviation 
Agency. First production engine already has been shipped to Lockheed-Gcorgia Co. 


special-section aircraft on the Chicago- 
San Francisco route to minimize ferry 
expense. About six of the 12 that have 
come in for overhaul have flown here 
with passengers aboard. 

All in-service line maintenance and 
periodic checks on the aircraft are per- 
formed at Chicago. 

First aircraft spent 21 work days at 
San Francisco, where 18,500 manhours 
were consumed in the initial overhaul. 
United alloted an especially long period 
for the first overhaul to give the 160- 
inan work team adequate time for fa- 
miliarization. 

Subsequent aircraft are coming in on 
Tuesday mornings and remaining for 11 
days of overhaul and flight testing. 
Manhour requirements have been re- 
duced to 8,500-9,000. Overhaul costs 
per airplane, including engines, are av- 
eraging SI 25.000. 

“Any delays we’ve encountered in 
overhaul have usually come from irregu- 
larities revealed in post-overhaul flight 
tests.” Richert said. "We’ve been 
slightly late on about half the airplanes 
worked on so far.” 

40 Modifications 

About 40 separate modifications are 
being made during the overhaul pro- 
gram, ranging from minor items, such 


as fasteners and fittings, up to the 
strengthening of the tail assembly. Only 
noticeable change has been relocation 
of the rotating beacon, which was 
moved from atop the vertical fin to a 
point on the fuselage after the tail-area 
vibration was analyzed. 

United officials said the carrier has 
no plans to dispose of the Caravelle, 
even though it is still considered an 
“interim airplane." Spokesmen said 
United needed the Caravelles to estab- 
lish markets while awaiting delivery of 
the Boeing 727. 

However, United left Caravelle de- 
preciation on a 10-ycar basis when it 
advanced depreciation on its DC-8s and 
Boeing 720s to 14 years. Thus the 
Caravellc’s hourly depreciation is $182 
compared with hourly depreciation of 
$105 on the 720. 


Soviet Hydrofoil Traffic 

Moscow— Soviet Union expects to 

hydrofoil vehicles this year, a 50% gain 
over 1962. 

Hydrofoils arc being operated on the 
Volga, Dnieper, Ob, Irtysh and Amur 
rivers and other water ways in the 
USSR. 
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WITH THE SHORT HAUL UET 

The BAC One-Eleven is on final assembly. It has already been ordered by: BRITISH UNITED 
AIRWAYS, BRANIFF INTERNATIONAL AIRWAYS, MOHAWK AIRLINES, KUWAIT 
AIRWAYS and CENTRAL AFRICAN AIRWAYS. Passenger appeal and low break-even 
factors make the BAC One-Eleven the first choice for all short haul operators. The 
BAC One-Eleven is the jet successor to the Viscount with even better than Viscount economics. 



BRITISH AIRCRAFT CORPORATION 


ONE HUNDRED PALL MALL LONDON SW1 ENGLAND 
USA BRITISH AIRCRAFT CORPORATION (USA) INC.. 

399 JEFFERSON DAVIS HIGHWAY. ARLINGTON 2, VIRGINIA 






SHORTLINES 


AIRLINE OBSERVER 

► United Air Lines lias decided not to convert its entire Douglas DC-8 fleet 
to Pratt & Whitney JT3D-3 turbofan engines, after discovering it was more 
practical to retain the P&W JT4A-3 and -9 and P&W JT3C-6 turbojets for 
the bulk of its DC-8s. United has found a buyers market where it can pur- 
chase surplus JT4As, which have a thrust rating only 1,200 lb. below the 
JT3D-3 turbofan’s IS, 000 lb. Timc-betwccn-overhaul (TBO) on the JT4A 
will reach 4,000 hr. by Apr. 26, whereas TBO on the JT3D-3 is 2,200 hr. 
United feels the lower purchase price and maintenance cost will more than 
make up for the )T3D-3's fuel cconomv. When United’s three Douglas 
DC-8P freighters are delivered with the ]T3D-3s, the carrier’s DC-8 fleet 
will consist of 11 aircraft with turbefans, -0 with JT4A turbojets and 10 
with the JT3C-6 turbojet which, with 13,500 lb. thrust, is suitable on 
shorter DC-8 routes. 

► Defense Dept, will continue to use private carriers for transport even after 
the current buildup of military airlift is completed. Defense Secretary Robert 
S. McNamara recently told the Senate Armed Services Committee, “because 
we feel the need for maintaining a reserve in the private air carriers’ capa- 
bility.’’ Lack of long-range airlift “is probably the most important shortage 
today, the one we are seeking to correct by the airlift procurement program,” 

► Trans World Airlines is faced with the return of S3.1 10.000 that a Civil 
Aeronautics Board examiner recently found had been overpaid to the air- 
line for subsidy between Pcb. 5. 1946 and Dec. 31, 1953. The 10-ycar-old 
dispute between the Board and TWA began in April. 1956, when the CAB 
held that TWA should have received only 542,942,000 in subsidy instead 
of the 551,095,000 it was granted. TWA has no reserve for the payment 
and may have to draw on general corporate funds if the repayment is required. 

► Eastern Air Lines has begun a major effort to strengthen its passenger serv- 
ices, improve appearance of flight equipment and terminal facilities, stream- 
line reservations procedures and improve flight operating efficiency. The 
campaign will cover 12 specific problem areas, each supervised by a top 
company official. 

► Provision has been made in India’s third five-year plan for the purchase 
of 30 medium-size turboprop transports— presumably the Avro 74S being 
built by license in lndia-to replace Indian Airlines Corp.’s Douglas DC-3 
fleet. Purchase of four Sud Caravcllc turbojet transports is still under consid- 
eration. 


► United Air Lines will retire its 30 Douglas DC-7 aircraft this year. Three 
of them will be taken by Douglas aircraft when United receives the DC-8F 
freighters now on order. Carrier will continue operating the DC-6 fleet, 
including freight versions, which will supplement the jet freighters. 

► Frontier Airlines is attempting to introduce a no reservation-type service 
under the title of "Go Show." The service, now being investigated by the 
CAB, would be provided between Denver, Phoenix and Tucson. Fares would 
be 530 to Phoenix and 540 to Tucson, for a 52.70 saving between Denver 
and Tucson. A seat would be guaranteed only when the passenger purchases 
a ticket at the airport at least two hours before flight departure. The airline 
estimates “Go Show” will earn an additional annual net profit of 541, 51S, 
based upon carriage of 2,721 passengers. 

► American Airlines has proposed granting reduced fares to United Nations 
delegates and members of the U. N. Secretariat on a local standby basis 
similar to the reductions currently offered U. S. military personnel. National 
Airlines, in opposing the plan, argued that' the same reasoning could be used 
to offer the fare reduction to "foreign embassies in Washington, D. C., the 
Organization of American States, American veterans organizations and/or 
the Daughters of the American Revolution.” 


► Air Congo has joined the Interna- 
tional Air Transport Assn, as an active 
member. 

► Airport Operators Council told Con- 
gress that supersonic transports must 
be able to operate from existing airports. 
The group said that aircraft must "be 
designed to fit the airport system, not 


► Braniff International Airways has 
completed installation of AiRcscarch 
integral auxiliary gas turbine starters 
on its fleet of Lockheed Electra turbo- 
prop aircraft. 

► Civil Aeronautics Board has granted 
Pan American World Airways tempo- 
rary exemption authority to serve Rabat, 
Morocco, and Conakry', Guinea. 

► Continental Air Lines flew approxi- 
mately 250 million revenue passenger 
miles during the first quarter of 1963, 
a 15% increase over the first three 
months of 1962. 

► fapan Air Lines has introduced new 
four-day excursion tariffs on its domestic 
routes which will reduce fares as much 
as 20% on trips within japan. 

► Martin Co. saved Sl.066,714 in travel 
expenses during 1962 as a result of its 
policy requiring employes to fly tour- 
ist class on company business trips. 

► National Airlines reported a 15% in- 
crease in the number of passengers car- 
ried in March and a 20% increase in 
revenue passenger miles compared with 
the same month last year. 

► Pan American World Airways will 
provide 104 nonstop flights per week 
between San Juan, Puerto Rico, and 
New York— a monthly capacity of 70,- 
000 seats. Schedule calls for a concen- 
tration of flights on weekends when 
traffic is heaviest. 

► Pacific Southwest Airlines has decided 
to take these steps in its modernization 
program: construct an electronic reser- 
vations control center, build a S500.000 
facility for the overhaul of its turboprop 
engines and adopt a new ticketing sys- 
tem called Instant Ticket and a pro- 
gram of packaged California tours. 

► Scandinavian Airlines System has pur- 
chased one Caravellc Mark 3 transport 
to bring the carrier’s Caravelle fleet total 
to 19, four of which are leased to Swiss- 
air under the tenns of a cooperation 
agreement. Terms of the purchase in- 
clude trade-in of an SAS pouglas DC-7 
transport to Sud. 
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FASTER Til VN YOU CAN RE VO THIS MESSAGE 



. . . Collins Data Central can send it over al] 256 of Delta’s teletypewriter circuits! 


Data Central is an automatic electronic switching exchange for teletypewriter 
and data networks. Delta Air Lines has a 256 circuit, 13,200-mile teletype- 
writer network that handles an average of 1,800,000 words a day. Delta has 
chosen Data Central for many reasons: Messages will be collected and 
distributed in millionths of a second. It’s the economical way to automate an 
information network. Keeps a 24-hour vigil over the Delta system with 
unparalleled accuracy. Provides historical records, automatic message account- 
ing, message retrieval, and other allied benefits. As Delta's network grows and 
message traffic increases, Data Central will easily handle the additional load. 
And Data Central doesn't require a whole new order of procedures and equip- 
ment. It’s compatible with other computers and communication systems. Could 
Data Central be your answer, too? Write for our brochure. 





BREATHE 

EASY 


Hamilton Standard’s experience in contaminant removal is being 
focused increasingly on new space life-support systems. Present work 
includes a contract to design and produce integrated space-suit as- 
semblies for NASA’s Project Apollo and extensive development of 
life-support systems and components for manned space capsules. 

Hamilton Standard’s life-support program applies diversified experi- 
ence in hydraulics, pneumatics, mechanics, electronics, and packaging. 
Hamilton Standard blends and develops these basic technologies to 
achieve an integrated systems approach to life-support equipment. 


Hamilton U 

D,VISI ° N ° F UNITED AIRC RAFT CORPORATI1 

WINDSOR LOCKS. CONNECTICUT 


SPACE TECHNOLOGY 


Mars Mission Study Proposals Evaluated 



Los Angeles— Competing industry proposals for a study of system concepts 
for a manned Mars landing-and-return mission are being evaluated at 
NASA's Ames Research Center, Moffett Field, Calif. Two parallel, fixed- 
price, nine-month contracts, not exceeding §100,000 each, are contemplated. 
The projected analyses are part of 


the programed continuity for manned 
planetar}’ exploration beyond the Apollo 
mission and anticipate these basic re- 
quirements: 

• Round-trip, simple-profile missions up 
to one year duration through cycle of 
oppositions from August, 1971, to Julv, 
1986. 

• Crew of three to six astronauts. 

• Stay on Mars of about 5 to 20 days. 

• Exploration of Mars surface for ac- 
cumulation of scientific data in the im- 
mediate vicinity of the landing site, 
with possibility of excursions to other 
landing locations before return to earth. 

Chief aim of the study will be a pre- 
liminary analysis to establish the tech- 
nical feasibility and scope of the 
manned Mars mission. Relative evalua- 
tion of different system concepts will be 
performed and characteristics of the 
more promising procedures established 
to accomplish the goals will be studied. 
Technical problem areas, in which solu- 
tions will contribute significantly to 
probability of mission success, will be 
explored. 

These various aims will include the 
following technical tasks: 

• Exact trajectories will be developed 
within limits of current knowledge of 
planetary positions and constants and 
computing techniques. This will in- 
clude realistic analyses of effects of 
launch-time variations, injection errors, 
midcourse corrections, planctarv orbital 
injections, rendezvous operations, at- 
mosphere entry, landing and takeoff 
procedures, and plane changes for the 
return trip. 

• T rade-off studies will be performed for 
the Mars orbital rendezvous mission 
mode, with or without an excursion 
vehicle, as compared with the direct- 
mission mode. This will include an- 
alysis of orbital plane change and ren- 
dezvous requirements for the various 
shapes, payload weights, and volumes 
involved. 

• Possible use of the atmosphere and/or 
gravitational field of Venus will be 
studied to reduce total round-trip time 
and energy requirements for the Mars 

• Use of a lunar base will be considered 
to detennine if assembly and fueling of 
propellant tankers, to be used for mid- 
course rendezvous with the manned 


payload from earth, will offer significant 
reduction of energy requirement for the 

• Varying the degree of closure of the 
ecological cycle will be examined to de- 
termine effect on mission reliability, 
thermal control and power require- 
ments, radiation shielding, and other 
necessary requirements. Use of a back- 
up system also will be investigated in 
the studies. 

• Natural environment, with particular 
regard to meteoroids and solar protons, 
will be studied to determine protection 
requirements. Prediction processes will 
be ascertained to simplify or reduce 
protection requirements. For example, 
communication may be possible with 
artificial solar satellites monitoring the 
surface of the sun, or with unmanned 
probes preceding the Mars expedition 
by a short time to measure the meteo- 
roid flux. Considerable amount of on- 


board material used for environmental 
protection may be available for the 
earth return trip, NASA suggests. 

• Task of maintaining the crew's morale 
and physical condition will be examined. 
Display requirements and communica- 
tions, guidance and navigation tasks will 
be analyzed to give minimum degrada- 
tion in human performance, 

• Emergency return, crew safety, fail- 
safe features, and backup modes will be 
considered. 

• Weight requirements from earth-or- 
bital speed will be computed for chemi- 
cal propulsion systems for the 1971 
opposition, for chemical propulsion sup- 
plemented possibly with RIFT-tvpe gra- 
phite-core nuclear upper stages for the 
1975 opposition, and for chemical pro- 
pulsion with tungsten carbide-core nu- 
clear upper stages for the 1975 opposi- 

Concurrcntlv with the manned Mars 
landing-and-return mission study, 
NASA is supporting a study of an un- 
manned spacecraft (Voyager) to per- 
form orbiter-lander missions to Mars 
and Venus during 1967 through 1975 
(AW Mar. 11, p. 302). 


Centaur Shipped to Cape Canaveral 


Flight-equipped Centaur space vehicle is 
production line in San Diego prior to sh: 
will be used for extensive ground tests wii 
nor the Atlas currently is scheduled to fl> 
vehicle is 2B, shown in foreground. Shroud 
is being performed on the vehicle. 


ifted from the General Dvnamics/Astronautics 
ment to Cape Canaveral. Vehicle being lifted 
the Atlas launch vehicle. Neither the Centaur 
although both are flight-equipped. Next flight 
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SA-5 to Fly First Live S-4 Upper Stage 


By George Alexander 

Huntsville, Ala.— Marshall Space Flight Center, with four successful Saturn 
booster flights to its credit, is turning its attention to the flight this August 
of the first hydrogen-fueled upper stage. 

S-4 second stage will be flown atop Saturn SA-5. There is a strong pos- 
sibility that this flight might occur before the second Centaur upper stage 
can be flown aboard an Atlas. Centaur also is scheduled for August. 


S-4 stage, built by Douglas Aircraft 
Co. and powered by six Pratt & Whit- 
ney RL-10 engines rated at 15,000-lb.- 
thrust each, will carry a full propellant 
load of 1 00,000 lb. The stage will burn 
for 460 sec. and inject itself, a guidance 
and instrumentation module and a bal- 
lasted dummy payload into an elliptical 
earth orbit ranging between 125 and 
250 naut. mi. 

Saturn Payload 

Entire weight in orbit will be 33,000 
to 35,000 lb., the heaviest yet orbited 
by the U. S. (AW Apr. 1, p. 32). 

Payload also will carry one, or pos- 
sibly several, tape recorders with voice 
messages. There is considerable specu- 
lation that one of the voices will be 
that of President Kennedy, repeating a 
similar experiment done with former 
President Eisenhower's voice in Project 
Score in late 1958. 

SA-5 booster will be the first of the 


Block-2 Saturn S-l stages to be flown. 
Block-2 vehicles (AW July 2, p. 117) 
feature the uprated II-l engine at 188,- 
000 lb. thrust-compared with the 
165,000-lb.-thrust H-ls in Block-1 
vehicles, increased propellant capacity 
and stabilizing fins. The booster will 
carry a full propellant load of 850,000 
lb. and will be programed to burn for 
140-150 sec. 

Flight also will be the first staged 
from Complex 37, the second Saturn 
launch complex built at Cape Cana- 
veral to date by the National Aeronau- 
tics and Space Administration. 

Preliminary data analysis of the 
fourth Saturn (SA-4) flight (AW Apr. 
1, p. 32) indicates that it was one of 
the most successful launches to date 
in the test program. Launched Mar. 28 
from Stand 34 at Cape Canaveral, SA-4 
reached a peak altitude of 80 stat. mi., 
a velocity at burnout of 3,662 mph., 


and a distance of 232 mi. down the 
Atlantic Missile Range. 

Velocity was about 33 fps. higher 
than anticipated, giving added credence 
to Marshall's growing belief that the 
propulsion system of eight H-l engines 
is developing more than the calculated 
1.32-milliondb. thrust. Greater thrust 
is believed to average out to 1% over 
the course of the flight trajectory. 

Iligher-than-expccted thrust would 
also explain shut-down of the four in- 
board engines at 112.9 sec., rather than 
the anticipated 114 sec. With all eight 
engines burning normally and supplied 
with 625,000 lb. of propellant, cut-off 
of the four engines would have occurred 
at T 4- 112 see. 

Engine Shut Down 

However, an engine was deliberately 
shut down at T 4- 100 sec. to test the 
S-l stage's engine-out capability. Mar- 
shall engineers expected the burning 
time of the other seven engines to be 
extended an additional two seconds, or 
until T 4- 114 sec. 

Outboard engines shut down after 
120.5 sec. of flight, when all liquid 
oxygen was depleted. This was the same 
shut-down sequence used on SA-3 (AW 
Nov. 26. p. 32). Oxidizer depletion 
probably will not be employed again 
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until SA-7, because of the importance 
attached to testing of the S-4 stage. 

Possibility exists that this method of 
shutting down the S-l might induce 
oscillations in the S-4 during separation. 

Engine-out experiment was described 
bv one Marshall engineer as "remark- 
ably uneventful." No. 5 engine, an in- 
board, was shut down at T-t-100 sec. 
by a timer, and the propellants that 
normally would have been consumed 
by this engine cross-manifolded to the 
other seven engines. 

There were no indications of any dis- 
turbances in SA-4’s trajectory caused by 
the sudden loss of one engine, nor were 
there any significant movements by the 
outboard control engines to compensate 

SA-4 also upheld the good instru- 
mentation record established by the 
three previous Saturn flights (AW Dec. 
3. p. 23). Otto Iloberg, chief of the 
Instrumentation Development Branch 
of Marshall’s Astrionics Div., said that 
of 612 in-flight measurements carried 
by SA-4, only four were total losses. 
Eleven other measurements were not 
clean, but are believed to be statistic- 
ally recoverable through interpretation 
with other data. 

Iloberg said that the Ampex Corp. 
MR-100 airborne tape recorder also 
operated satisfactorily. The recorder was 
started at liftoff and ran until T 4- 155 
see., or about 30 sec. after burnout of 
the S-l stage. Only that part of the 
flight between T 4- 98.3 sec. and 
T 4- 1 52.4 sec., covering the engine-out 
experiment through burnout of the 
rctrorockets. was plaved back. Play- 
back was initiated at T 4- 1 64.4 sec. 

Tape showed that radiation effects 
from the rctrorockets' exhaust lasted 
about 5 sec. after the 2-sec. burning of 
the small solid-propellant motors. Re- 
corder performance was considered of 
equal importance to the playback of 
data. 

All 10 telemetry links, the General 
Electric Co. Mistram transponder and 
the Ryan Aeronautical Co. L-band radar 
altimeter also worked perfectly, accord- 
ing to Iloberg. The radar altimeter pro- 
vided about 20 sec. of data which can 
be compared for accuracy against that 
furnished by the Azusa and Mistram 
systems. 

Two control accelerometers, which 
replaced the angle-of-attack sensors used 
on earlier Saturn flights, also operated 
satisfactorily. These are conventional 
spring-mass accelerometers; they will be 
used on operational Saturn 1 vehicles in 
pitcli and yaw axes to detect lateral 
loads greater than lg. There analog 
outputs will be mixed in the control 
computer, as they were on SA-4, with 
signals from the stabilized guidance 
platform to turn the vehicle into strong 
winds and thus alleviate broadside 



POISED AT COMPLEX 34, Saturn SA-4 is shown during final pre| 
Detailed in photo arc (1) ullage rockets, (2) cable tunnels, (3) S-4 
rctrorockets. SA-4 was launched at 3:11 p.m. EST on Mar. 28. Engin 
inboard powcrplants, was shut down by a preset timer after 100 sec. o 
dummy, water-filled S-4 and S-5 stages and a dummy nose cone. 1 
successful Saturn booster flights, Marshall Space Flight Center is foci 
SA-5 which will contain the first hydrogen-fueled upper stage in the 
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Today, with the security of the free world so heavily depend- 
ent on unbroken communications, the scientists and engi- 
neers of General Telephone & Electronics continually work 
to strengthen military communications. In so doing, they 
have developed a capability for providing a worldwide 
communications network that would be free of blind spots, 
blackout zones, or fading. 

Such a network would involve satellite and ground com- 
munications installations, and would require traffic control 
of such communications, tracking of satellites, data handling, 
switching, and a variety of display techniques. 

GT&E brings a wealth of experience to all types of com- 
munications. For example, Lenkurt Electric, one of the 
subsidiaries, is a world leader in multichannel telecommuni- 
cations systems and in microwave communications at 
common-carrier frequencies. Sylvania has produced many 
secure and low vulnerability communications systems using 
ultra-reliable, solid-state techniques. GT&E Laboratories 
with Lenkurt produced the echo suppression equipment that 
makes space communications practical. 

Controlling communications traffic is an everyday func- 
tion at the General Telephone operating companies. Pro- 
viding near-instantaneous control for this traffic is a job 
performed by electronic switching systems of Automatic 
Electric. Space vehicle tracking, data handling and display 
systems, as well as the design and construction of the 
ADVENT antenna system, have been provided by Sylvania. 

Supporting so vital a system with so many techniques 
simultaneously is one of the many ways the scientists and 
engineers of the General Telephone & Electronics corporate 
family bolster the nation's defenses. The vast communica- 
tions and electronics capabilities of GT&E, directed through 
Sylvania Electronic Systems, can research, design, produce, 
install and service complete electronic systems. These 
systems include detection and tracking, electronic warfare, 
intelligence and reconnaissance, communications, data 
processing and display. 

That is why we say the many worlds of defense electronics 
meet at Sylvania Electronic Systems, Division of Sylvania 
Electric Products Inc., 40 Sylvan Road, Waltham 54, Mass. 

GENERAL TELEPHONE 
& ELECTRON ICS W 

Total Communications from a single source through 

SYLVANIA ELECTRONIC SYSTEMS 

Including Automatic Electric • General Telephone & Electronics 
International • General Telephone & Electronics Laboratories 
Lenkurt Electric • Sylvania Electric Products 


CLOSE THE GAP IN KEY 
DEFENSE COMMUNICATIONS! 
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If you had to understand what made it buzz . . . 

you’ll be interested in a career at Aerospace 


Your interest went past the dots and 
dashes. You had to know why the 
sound stopped when you let up on the 
key and why you could change the 
pitch by turning a knob. If this curi- 
osity has expanded and sharpened 
with the years to include such areas 
as communication theory, coding 
theory, and telemetry, you’ll probably 
find a great deal of satisfaction in a 
career at Aerospace Corporation. 


Chartered to give the U.S. Govern- 
ment the benefit of the best in space 
and missile knowledge and experi- 
ence, Aerospace serves as architect- 
engineer in the advancement of space 
science and technology. Aerospace 
does not engage in manufacturing. 
It is an organization dedicated to 
planning, evaluation, and technical 
direction of missile and space projects 
for the Air Force. 


Aerospace Corporation’s pioduct is 
thoughtful guidance. If your creative 
imagination and high technical com- 
petence combine to produce guiding 
thoughts, you will find opportunity 
for satisfaction at Aerospace. 

For complete information, write to 
Charles Lodwick, Room 101. P.O. 
Box 95081, Los Angeles 45, Calif. 
An equal-opportunity employer. 



NASA Favors Deployable Stations 
For First-Generation Space Study 


Dallas, Tex.— Space station which will 
be capable of accommodating 15-18 
men. in an orbit 200-300 mi. from the 
earth for a duration of from 3-5 years, 
is in the current state-of-the-art and 
could be launched from Cape Canaveral 
by a Saturn 5 in the late 1960s, accord- 
ing to Manned Spacecraft Center space 
station program manager Edward H. 
Oiling. 

Oiling described numerous configura- 
tions under study bv MSC, Langlev 
Research Center, USA!' and industry, 
and stated that there had been sufficient 
study to indicate the feasibility of such 
a station as a space laboratory. 

lie indicated that earlier concepts, 
such as inflatable structures (AW Aug. 
20, p. 99), do not look very promising 
because of the problems associated with 
fitting the necessary crew support and 
laboratory equipment and packaging the 
deflated structure as well as the attend- 
ant complexity of inflating such a 
structure in space. 

Three-spoked MSC configuration de- 
scribed by Oiling would be faired into 
the top of a Saturn 5 and be compatible 
with this launch vehicle. Three-man 
crew would ride in a command module 
atop the station, which would consist 
of three wing-like spokes folded down- 
ward. Once positioned in orbit, the 
station would be deployed by the crew. 
Equipment then would be checked out 
and the station would be ready to ac- 
cept additional personnel. These might 
be ferried to the station in groups of six 
in modified "bus” configuration Apollo 
command modules having two rows of 
threc-abreast high-density seating. 

Rendezvous and personnel transfer 
would be via a centrally located hangar 
capable of housing four Apollo buses 
simultaneously and configured so that 
the buses could be checked out inside 
the hangar in a shirtsleeve environment. 
Buses would be designed to be reusable 
for as many as a half-dozen ferry mis- 

Tlirce-spoke configuration would have 
a radius of approximately 75 ft. de- 
ployed and could incorporate rotation 
capability of approximately 4 rpm. to 
provide varying degrees of artificially 
induced gravity along the lengths of the 
spokes. Spokes would be modularized 
to provide separate laboratories, rest, 
nutrition and waste areas. Centrally 
located hangar and command and con- 
trol module could be designed to re- 
main stationary while the spokes ro- 
tated. 

Oiling indicated that the personnel 
complement for the first six months 
might comprise six men, 12 men after 


this period and 18 men after a year in 
orbit— rotating personnel every 90 days 
when the full complement is aboard 
the station. 

Space station of this capacity would 
be capable of handling detailed long- 
term experiments on human, animal and 
plant life subjects in an environment of 
varying degrees of weightlessness. On 
human and animal subjects this would 
include clinical studies of metabolism, 
cardiovascular effects, bone deminerali- 
zation. muscle atrophy, semi-circular 
canal phenomena, and cell nutrition. 
In the case of animals and plants, ex- 
periments could be continued over pe- 
riods of time permitting breeding and 
heredity studies of these and other 
space-environment associated experi- 
ments. which would be extremely valu- 
able in future long-duration planetary 
missions. Oiling noted. 

Station of this size also would be use- 
ful as a landing point for returning 
manned spacecraft where astronauts 
and their vehicles could be checked out 
and if necessary, quarantined, prior to 
their return to earth. 

Oiling considered that design and 
operation of such a facilitv, which would 
have an estimated 40,000 cu. ft. vol- 
ume, would be a less stringent problem 
technically than Apollo, considering 
that it need not incorporate that pro- 
gram’s complex navigation and guid- 
ance, lunar landing module and re-entry 
requirements. 

lie also considered that first-genera- 
tion space stations would be of the de- 
ployment type, rather than "tinker-toy” 
configuration requiring boosting pre- 
fabricated assemblies in space separately 
and assembling these in orbit, due to 
lack of experience and knowledge of 
latter procedures and requirements. 
Such space-assembled configurations 
probably would be utilized in second 
or later generation stations and where 
structures of considerably larger size 
would be considered necessary. 
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Your requirements for flight-qualified 

VALVES 

...call for these essential capabilities: 
Thorough knowledge of missile and space 
systems ■ Experience with all cryogenic and 
storable propellants »The best in on-premise 
facilities ■ Highly qualified engineering talent 
■Demonstrated development achievements 

RMD VALVES FLY IN AMERICA’S 
MAJOR MISSILE & SPACE SYSTEMS 

vent valves ■ relief valves ■ ball valves 
shut-off valves ■ venturi valves ■ hot valves 
disconnect valves ■ fill and drain valves 
flow limiting valves ■ squib valves ■ gas 
pressure regulators ■ 



CHEMICAL CORPORATION 


REACTION MOTORS DIVISION 
DENVILLE, NEW JERSEY 


Apollo, Gemini Simulator Variety Planned 


By Erwin J. Bulban 

Houston, Tex.— Gemini and Apollo 
training and simulation facilities 
planned by National Aeronautics and 
Space Administration will comprise 
approximately 24 types of devices rang- 
ing from comparatively simple mockups 
to complex computer-driven equipment. 

Missions will provide astronauts with 
practice in entering and escaping from 
spacecraft, experience in working out 
real-time lunar mid-course navigation 
problems, and will assist in developing 
an acclimation to extra-vehicular activity. 

Some devices are already available- 
such as the high-speed jet fighters used 
for providing brief zero-g familiarization. 
Others are in the proposal stage or are 
being evaluated from industry prior to 
announcing a contractor, and some are 
still undergoing study. 

Gemini and Apollo flight trainers will 
be designed to acquaint astronauts with 
the following: 

• Appearance and modes of operation 
of all instrument displays, switches and 
control systems. 

• Out-of-the-window displays which can 
be reasonably anticipated and simulated. 

• Detection and correction of as many 
anticipated systems failures as can be 
calculated. 

• Dynamic response characteristics of 
the spacecraft as shown by flight instru- 
ments and out-of-thc-window displays 
for spacecraft motions caused by either 
automatic or manual control systems. 

• Over-all mission timing and practice 
of specific tasks contained in particular 
mission flight plans. 

Flight trainers are considered the 
most important, and probably will be 
the most costly, of all the training items 
to he used in the Gemini and Apollo 
projects, according to Howard I. John- 
son. technical assistant to the chief of 
flight operations, NASA Manned Space- 
craft Center, Houston. 

Costs can be kept down, he believes, 
in that actual physical translational and 
rotational spacecraft motions will not 
be simulated. This omission is based 
on comments by Mercury astronauts 
that display motions alone in fixed-base 
simulators are a surprisingly good ap- 
proximation of combined instrument 
and body motions under weightlessness 
in space. Launch and re-entry linear 
accelerations can be reproduced satisfac- 
torily as a part-task on a centrifuge. 

Flight trainers will have active in- 
terior displays operating as an analog of 
actual spacecraft equipment. Hybrid 
analog and digital computers will simu- 
late onboard systems and spacecraft re- 
sponse characteristics. Long-term navi- 
gation calculations, requiring low or no 


computer drift will be handled by the 
digital computer as will most simulation 
of onboard systems for which discrete 
actions or failures require certain dis- 
crete responses. 

Analog computers will be used for 
short-term high-response applications 
and for analog instrument readouts 
where small errors are not particularly 
important, or where the analog readout 
can be periodically corrected either by 
the digital computer or bv an instructor. 

Out-of-the-window displays have not 


yet been fully decided. Johnson states. 
The Gemini trainer will probably have 
a fairly accurate visual display of the 
celestial sphere, a display of the rendez- 
vous vehicle and a display of earth par- 
tially covered by clouds. 

The Apollo trainer will probably have, 
in addition, a display of earth and the 
moon from a wide range of distances 
and a detailed display of the moon from 
close orbits. The Lunar Excursion Mod- 
ule (LEM) trainer will probably have a 
celestial presentation and a lunar dis 
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Kinney Mechanical Boaster Pumping Systems 


Offer A WIDE RANGE OF DISPLACEMENTS 
FROM 30 TO 10,000 CFM 

These compact, space-saving units de- 
liver new highs in volumetric efficiency at 
reduced dollar-per-cfm costs. Kinney me- 
chanical booster pumping systems com- 
bine lobe-type rotary booster pumps 
ranging from 30 to 10,000 cfm with Kinney 
cam-and-piston pumps ranging from 5 to 
850 cfm to attain ultimate pressures of 
2 x 10- 4 torr. 

Bypass roughing lines on many models 
increase the efficiency of the roughing 
cycle and shorten the time required to 
reach booster cut-in pressure. 


KINNEY VACUUM DIVISION 
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BECKMAN BIOASTRONAUTICS. ..keeps up with the space age 



One of the ways Beckman safeguards man in space is to protect him 

from blacking out from too little oxygen. Beckman meets this threat of hypoxia 

by testing his breathing air. 

A tiny Beckman Sensor — the only one of its size accurate and reliable 
enough to monitor partial pressures of oxygen in closed atmospheres — travels 
inside the pilot’s face mask or pressure helmet. Long before he detects any 
change in oxygen, the Sensor triggers a warning system that lights, alarms, 
or even speaks — telling him to take corrective action immediately. 



The tiny Beckman Sensor shown here weighs a scant 2 grams, 
but withstands 50 g's as well as severe vibration. Working on 
an electrochemical process, response is rapid. In less than one 
second it detects a change in the oxygen partial pressure. 

The electrolytic cell that does the work lasts up to three months. 
Easily calibrated in air, it can be replaced in seconds. 


This is the kind of physiological monitoring hardware that has come to be expected 
from Beckman. For more than a quarter of a century Beckman has been testing, 
proving, delivering. With twenty-five per cent of its sales in the medical field, 
Beckman is solving such problems for the U.S. Space agencies and its 
military services, the RAF, and RCAF. When it comes to your space-age 
medical problems, Beckman is one of the most qualified companies in the world. 

For complete information on Beckman Bioastronautics, write to Dept. M. 





INSTRUMENTS, INC., Fullerton, Calllornle 


play ranging from close orbits to cer- 
tain selected landing sites. 

One of the more difficult tasks now 
appears to be providing good out-of- 
the-window displays. Under study are 
new methods of producing these images 
electronically. 

Two each of the Gemini and Apollo 
flight trainers arc expected to be pro- 
cured, according to Johnson. One of 
these, for early generalized training 
will be located at the Manned Space- 
craft Center, and the other, for specific 
flight training, will be located at Cape 
Canaveral. 

Gemini part-task trainer is a modifica- 
tion of the MSC-based Mercury pro- 
cedures trainer, the plan being to re- 
program the computer to represent 
Gemini dynamics and set up a rendez- 
vous task based on a new out-of-the- 
window display which may develop into 
a complete display system applicable 
to both Gemini and Apollo flight train- 

Apollo part-task trainer system will 
possibly include three static units: the 
earth launch and rc-cntrv trainer, the 
navigation and trajectory control trainer 
and the orbital and rendezvous trainer. 
A study is now being made to deter- 
mine whether costs can be pared by 
combining these functions into two or 
even possibly one trainer. 

Trainer Work Load 

Part-task trainers will be included 
since their lesser complexity, compared 
with flight trainers, will permit earlier 
acquisition and use. They will eliminate 
some of flight trainers’ work load. They 
can provide more accurate simulation in 
some particular mission phases than the 
flight trainers, and crew operational 
problems can be studied involving varia- 
tion in simulation parameters that can- 
not be handled in the flight trainers 
because of their design features or un- 
availability. 

Gemini and Apollo centrifuge pro- 
grams will utilize the Navy's Air De- 
velopment Center equipment at Jolms- 
villc in a pattern developed in the 
Mercury program. A human centrifuge 
is also planned for MSC at Houston, 
which will be approximately the same 
size as the Navy’s unit, but will have 
lower design maximum acceleration 
level of not more than 30g. MSC’s 
centrifuge will also feature an increase 
in maximum payload and the volume 
of the gondola will be approximately 
three times greater, so that at least three 
men and necessary equipment can be 
tested simultaneously. 

Egress trainers will nonnally be boiler- 
plate mockups of the Gemini and 
Apollo spacecraft having accurate re- 
productions of recovery equipment and 
escape paths. They will be accurately 
scaled in center-of-gravity and total 
weight so that their hydrodynamic be- 


havior will match that of the actual 
spacecraft. Later in the programs, it 
may be possible that actual spacecraft 
that have flown may be used for this 

The Gemini paraglider trainer, con- 
sisting of a boilerplate spacecraft at- 
tached to a prototype paraglider, pro- 
viding landing practice after release 
from a helicopter, is scheduled to be 
delivered to MSC from Edwards AFB. 
Practice will be carried out at Ellington 
AFB, Houston. 

LEM Trainer 

The LEM trainer, to be developed on 
the basis of research and development 
with Bell Aerosvstems’ research vehicle 
(AW Feb. 25. p. 78) will include an 
accurately sealed mockup of the Grum- 
man crew module with simulated brak- 
ing and control rockets and a jet engine 
that will produce lift equal to Sths of 
the LEM’s weight to simulate a lunar 
gravity environment. The astronauts 
will utilize the trainer in free-flight 
from the ground to various altitudes and 
practice attitude control, translational 
control and spot landings. Prior to this 
they will receive primary training in the 
large lunar landing facility, employing 
a tethered spacecraft suspended from an 
A-frame being procured by Langley Re- 
search Center. 

The Gemini docking trainer is a 
large six-degrees-of-freedom moving 
base simulator having a full-scale Gem- 
ini spacecraft mockup with four of the 
six degrees of freedom: ±45-deg. rota- 
tion in pitch, yaw, and roll and 24-ft. 
in lateral translation. The Agena ve- 
hicle will also be simulated accurately 
and have the remaining two degrees of 
freedom: :tl6.5-ft. of vertical transla- 
tion and 102-ft. of range translation. 
Initially this simulator will be utilized 
by McDonnell, prime contractor on 
Gemini, to solve actual hardware prob- 
lems associated with docking and latch- 
ing phases of the rendezvous mission 
and it will then be released for Gemini 
astronaut training. 

Later it probably will be converted 
to an Apollo docking simulator, John- 

Gemini Trainers 

Gemini systems trainers, built by 
Burtck. Inc., Tulsa, Okla., are animated 
breadboards of some of the actual space- 
craft onboard systems, using flow-path 
indicating techniques to show which 
components are activated when any par- 
ticular input control is actuated. These 
are designed to provide the astronauts 
with speedy familiarization of space- 
craft systems. Simulators will include 
electrical system, including sequencer 
and pyrotechnics circuits, environmental 
system, ejection seat system and atti- 
tude maneuver control systems. 

Apollo simulators will also include a 



BUILT TO YOUR 
I SPECIFICATIONS? 


AVIATION WEEK & SPACE TECHNOLOGY, April IS, 1963 




PRECISION-MADE SUBMINIATURE SWITCHES 
hundreds of types and assemblies available 


Where space and weight limitations are critical, 
MICRO SWITCH “SM” subminiature switches 
bring a combination of compact size, reliable 
precision operation and broad range of actua- 
tors, assemblies and variations to meet a wide 
variety of design requirements. 

Long, reliable life. Wide temperature ranges : 
— 100° to +180° F. SPDT contact arrange- 
ment. Catalog listings also include types with 
extra long life and extra high temperature char- 


acteristics, gold contacts for low energy circuits, 
and bifurcated contacts — to name a few. 

A field engineer from the nearest MICRO 
SWITCH Branch (See Yellow Pages) will be 
happy to show the complete line ... or write for 
Catalog 63 now. 


H 


MICRO SWITCH 

FREEPORT. ILLINOIS 

A DIVISION OF HONEYWELL 

ONEYWELL CONTROLS LIMITED. TORONTO II. ONTARIO 


three-dimensional lunar trajectory simu- 
lator-still in the early proposal stage— 
which will show in true scale except for 
spacecraft size, the relative dynamics of 
earth, the moon and the spacecraft sys- 

The earth model will be approxi- 
mately 1-ft. dia., requiring a building 
approximately 70-ft. dia. to house the 
entire display. Earth will rotate about 
its own axis; the earth-moon system 
will rotate about its total center of 
gravity, which will be located at the 
center of the building. The lunar or- 
bital plane will always be horizontal at 
eye-level. 

Collimated light from the proper 
direction will fall on earth to represent 
the sun as seen from earth, with an 
internal light shining past a hemispher- 
ical movable shade to represent the sun's 
illumination of the moon. A model, in 
the form of a cone whose apex would 
represent the position of the spacecraft, 
probably will be used. 

Television Presentation 

The spacecraft will have three de- 
grees of translational freedom to per- 
mit the trajectories of actual Apollo 
missions to be traced. Motions of the 
spacecraft would be in response to com- 
puter or taped commands. These com- 
mands could be speeded up by a factor 
of 1,000 to demonstrate a complete 
Apollo mission in approximately 10 

Because of the display’s size, it 
could be viewed from an outside-in ot 
inside-out position. 

During actual Apollo missions, the 
display would be driven to beep pace 
with the mission permitting television 
presentations to be made to a world- 
wide audience. 

The Apollo mid-course navigation 
simulator, still in the developmental 
stage by Ames Research Center, would 
consist of an Apollo command module 
mockup mounted on an air-bcaring in 
a hemispherical domed room of about 
50-ft. radius. 

Simulated stars would be fixed on 
the dome’s surface to provide the neces- 
sary high accuracy needed for practice 
of sextant operations during the mid- 
course navigation phase. 

Future Facilities 

Possible training facilities for future 
space flight projects include an extra- 
vehicular operations trainer on which 
NASA currently is doing studies. This 
equipment would permit simulation of 
the problems facing an astronaut away 
from his vehicle. This would include 
simulation of partial gravity tasks, such 
as walking on the surface of the moon 
and moving in space from or toward a 
spacecraft and performing repairs or 
assembly of components in space out- 
side the vehicle. Such space activities 


would enable the astronaut to practice 
space motion using muscular power or 
strapped-on propulsion units. 

As visualized in one study, the simu- 
lation complex would consist of a struc- 
ture enclosing an area of approximatelv 
100 ft. x 100 ft. x 200 ft., although 
smaller areas are also being considered. 
A dynamic support cradle will possess 
six steerable driven wheels. The wheels 
would operate against the inside surface 
of a hemisphere so that the dynamic 
cradle can have unlimited angular ro- 
tation about any axis without encount- 
ering gimbal locks. 

The cradle would be shaped to pro- 
vide a clear inner space so that it could 


accept spacecraft including an Apollo 
command module and would have on- 
board power in the form of a gas turbine 
engine driving a hydraulic pump-thc 
wheels being driven and steered by hy- 
draulic power. The spacecraft would be 
integrated with the cradle to the ex- 
tent that thrust commands from any of 
the spacecraft control systems would be 
fed to the cradle computer, causing the 
cradle to rotate as it would in space. 
This would provide astronaut familiar- 
ization with the dynamic response 
characteristics of the spacecraft and 
acquaint the crew with any possible ec- 
centricities of the spacecraft’s attitude- 
indicating display systems. 
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APPLES & ORANGES ? 


No ! Although these two instruments are dissimilar in appearance 
and different in function, they arc completely compatible products 
with these two things in common : 

1. They are highly refined instruments for measurement, and 

2. They are typical products of Singer Metrics. 

■ Precision measurement is our field of interest and activity . . . 
and providing the level of instrumentation necessary for the prog- 
ress of science, engineering, and production is our prime goal. For 
the state of the art can only advance as far and as fast as standards 
and benchmarks allow. 


■ These two products exemplify this progress. The Park High 
Voltage Divider (left), typical of Sensitive Research * labora- 

dc measurement— 0 to 100 kv - with high-echelon accuracy. Paral- 
leling this high order of capability, the Panoramic * Microwave 
Spectrum Analyzer ( right ) , offers unmatched sensitivity through- 
out its entire frequency range with exceptional frequency and 

ing instruments bearing the Singer Metrics imprimatur. 



■ Both Sensitive Research (electrical measurements) and Pan- 
oramic (electronic measurements) are part of the Singer Metrics 
combine. Both are expanding their product lines, and production is 


the highest in history. Other research and production activity 
includes precision electro-mechanical assemblies and devices, envi- 
ronmental testing, and military electronic systems and subsystems. 


The measure of progress . . . 



SINGER METRICS DIVISION 

915 PEMBROKE STREET - BRIDGEPORT 8, CONNECTICUT- (203) FOREST 6-3201 



ELECTRONIC MEASUREMENTS-SUBSONIC THROUGH MICROWAVE 


RESEARCH AND PRODUCTION: Electronic and electrical measurement, calibration, and analysis instruments — 


lechanical devices — environmental testing and 


y systems and subsystems 
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MANAGEMENT 


Prospects Slim for Mach 3 Interceptor 


By Philip J. Klass 

Ent AFB, Colo.— Air Defense Command's hopes for Defense Dept, ap- 
proval of a new Mach 3 improved manned interceptor (IMI) received scant 
support from Defense Secretary Robert McNamara in recent testimony before 
the House Defense Appropriations Subcommittee. McNamara called the pro- 
gram “questionable.” 

While McNamara's testimony revealed Defense Dept.’s intention to 
develop the capability to destroy bombardment satellites in case the Soviet 
Union should adopt such weapons, indications are that Army’s Nike Zeus 
missile will form the backbone of this capability rather than Air Force’s 
proposed manned satellite interceptors. 

The Pentagon also takes a dim view 

of Air Force proposals for ICBM de- Soviet military action from space, but 
fense systems that would use large the recent sharp cutback of USAF’s 
numbers of satellites for intercepting Satellite Inspector (Saint) program was 
enemy ballistic missiles. Arguments still another blow to ADC's future 


e used against the utilization of role, 
satellites are: extremely high cost, vul- Ac 
nerability to enemy countermeasures 
and the unreliability of complex space- 
craft. 


Nike X Emphasis 

Instead, Defense Dept, is putting its 
ICBM defense emphasis on the new 
Nike X, for which the Army is the re- 
sponsible agency. 

There are mixed opinions here on 
the seriousness of the threat of hostile 


to this the current study of 
how to economize at ADC, ordered by 
Defense Dept., which is expected to 
trim the present force by at least 10%, 
and it is easy to understand why there 
is an atmosphere of uncertainty and 
frustration evident at ADC headquar- 

Thc command’s current inventory 
of about 900 Convair F-106 and 
McDonnell F-101 interceptors would 
be no match for supersonic bombers, 


and even this capability is being cut 
by roughly 8% per year by accidents 
and other attrition. 

Both ADC and the North American 
Air Defense Command (Norad)— the 
U. S.-Canadian joint service command 
located here— have so far resisted the 
temptation to bolster their current ca- 
pability with an interceptor version of 
the new McDonnell F-4C or the Navy’s 
F-4B (formerly F4H) in the hope that 
a Mach 3 interceptor would be devel- 
oped instead. 

High Morale 

In two sectors of ADC headquarters, 
morale is extremely high— ballistic mis- 
sile early warning and space surveillance 
(AW Feb. 18, p. 89). Yet, where early 
warning once was only a means toward 
the end of destroying air-breathing tar- 
gets, today it is an end in itself in the 
field of intercontinental ballistic mis- 
siles and satellites, since Air Defense 
Command has no way to destroy these 
targets now. 

This is less than satisfying to former 
fighter-interceptor pilots who are long 
accustomed to being able to engage an 
intruder in combat. 

There is general agreement among 
ADC and Norad officials that their two 



First Photo Shows Hunting H.126 in Maiden Flight 

First photo of Hunting H.126 jet-flap research aircraft on its recent maiden flight (AW Apr. 1, p. 37) shows the airplane in normal con- 
figuration during forward flight after takeoff from Royal Aircraft Establishment field at Bedford. England. H.126 was built by Hunting 
Aircraft under Ministry of Aviation specifications to investigate flight potential of jet flaps. Engine efflux from trailing edge in form of 
thin sheet across full wing span is used to produce lift and thrust. Powcrpbnt is single Bristol Siddcley Orpheus turbojet, with addi- 
tional thrust obtained from nozzles housed in fairing behind main landing gear (AW Sept. 3, p. 21). 
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Radioisotope container 
made of Mallory 1000 


From Mallory imagination in metals... 

new materials for radiation shielding 


Whether your interest in radiation shielding is for pro- 
pulsion, radioisotope containers, compact reactors or for 
instrumentation, you can find valuable new ideas 
at Mallory. 

Mallory high density materials, which are powder metal- 
lurgy "alloys" of tungsten, have excellent radiation shield- 
ing characteristics. Mallory 1000, for example, has about 
70% the tenth-layer thickness of lead, and is twice as 
strong as low carbon steel. Its density is about 17 gm/cc. 
We have even denser materials in this family which 
have even better shielding properties — Mallory 2000 and 
Mallory 2960A, with densities of 18.0 and 18.5 gm/cc. 
respectively. And we have newer materials whose densities 


are over 19 gm/cc., approaching that of pure tungsten. 

Through powder metallurgy techniques which we’ve 
developed during more than thirty years of pioneering, 
we can create combinations of shielding characteristics 
not possible with "natural” materials. Where you want 
both neutron and gamma shielding, for instance, we can 
introduce boron-10 into the tungsten base material to 
get neutron shielding. 

We will be glad to explore your shielding requirements 
with you. Write to Mallory Metallurgical Company, 
P. O. Box 1582, Indianapolis 6, Indiana— a division of 
P. R. Mallory & Co. Inc. 
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Mallory 



most pressing needs arc for an active 
defense against ICBMs and an inter- 
ceptor capable of coping with super- 
sonic bombers. But there is an under- 
standable difference of viewpoint as to 
the best approach to ICBM defense 
which reflects the fact that Norad is a 
joint-service command with Army rep- 
resentatives. 

Against air-breathing targets, the 
Army and its Nike I Iercules arc respon- 
sible for point defense, while USAF’s 
interceptors and Bomarc missiles arc 
assigned to longer-rangc area defense. 
But in the field of ICBM defense. 
Army currently holds a monopoly with 
its Nike Zeus and Nike X. both point- 
defense systems in the classical sense 
although their areas of coverage are 
relatively large. 

ICBM Defense Role 

If the Air Defense Command is to 
have a role in ICBM defense, aside 
from its responsibility for operating the 
Ballistic Missile Early Warning System, 
it is likely to come only if the Air Force 
can devise an area-defense system that 
could intercept ICBMs shortly after 
launch or during mid-trajectory. 

It is not surprising, therefore, that 
ADC officials stress the many potential 
advantages of an area type of ICBM 
defense system. For example, the war- 
heads could be destroyed before they 
had released any decoys, avoiding the 

S iroblem of discriminating between war- 
leads and decoys. There also would 
be less nuclear blast and radiation 
hazard to urban areas than with present 
point-defense systems (AW Feb. 11. p. 
36). 

Norad officials, including those wear- 
ing Air Force blue but mindful of their 
joint service responsibilities, say they 
would like to see early operational de- 
ployment of Nike Zens or Nike X, with 


continuing efforts to devise an area-de- 
fense type system. This would give the 
nation a dcfcnsc-in-depth comparable 
to what it now has against air-breathing 
threats. 

Where several years ago the Army 
was pushing hard to obtain authoriza- 
tion for production of Nike Zeus, dis- 
cussions with officials of the Army Air 
Defense Command (ARADCOM) here 
suggest that the service now is taking 
a more relaxed attitude. 

Army Opinion 

Army apparently expects that top 
government officials eventually will see 
an urgent need for an active ICBM 
defense, and when that time comes, 
the only system available for early de- 
ployment will be the Army's Nike Zeus 
and Nike X. 

Some Norad and ADC officers ex- 
press concern that military and Defense 
Dept, officials are taking a defeatist 
attitude on the feasibility of a truly ef- 
fective defense against ICBMs, and that 
the nation is not devoting its best efforts 
to devising such countermeasures. 

Officials here arc reluctant to criticize 
decisions of their superiors, but an in- 
dication of their thinking is found in 
a recent article in the Air University 
Quarterly Review by USAF Lt. Ccn. 
Robert M. Lee, ADC’s commander. 

'When we talk about absorbing the 
first blow and going on to win, we 
imply that we survive as a social entity. 
This may be entirely possible, if we pro- 
vide the active and passive means of 
doing so. Bv passive defense I mean 
shelters, civil defense organizations and 
the means of rehabilitating the nation 
after attack," Gen. Lee wrote. 

“By active defenses I mean simply 
that we must develop, as a matter of 
national urgency, a capability to counter 
nuclear weapons in whatever form and 


« new filter 
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Thrust vector controls... from the people at Bendix 


Techniques of steering rocket engines are a specialty of Bendix people. We pioneered in movable 
exhaust nozzles. We are in production on secondary injection systems. We are developing solid probe 
thrust vector controls. □ Other people at Bendix are working on rocket equipment, high temperature 
composite materials, nuclear mechanisms, propulsion controls and landing gear for both aircraft and 
space vehicles. An Aerospace team of skilled and experienced people . . . skilled in all phases of 
program management, backed up by complete engineering and production facilities . . . gives Bendix 
the capabilities to undertake many varied Aerospace programs. □ To find out what this Bendix team 
can do for you, write: General Sales Manager, South Bend 20, Indiana. 


Bendix Products Aerospace Division 
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F-104s Readied for Japanese Air Defense 






FORCE GAGES 



■ Complete details and prices are given 
inBulletin750/FG. Write foryourcopy. 
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sonic Soviet bombers at least until 1970 
—perhaps even longer if they are used 
as a second-strike force. If this appraisal 
is correct, the present inventory of in- 
terceptors will have dwindled to im- 
potence in numbers and capability by 
later in this decade. 

Norad and ADC, therefore, have sub- 
mitted requirements for the improved 
manned interceptor, or IMI. The in- 
terceptor would have a speed of slightly 
better than Mach 3, an endurance of 
perhaps three hours, and would be 


equipped with a high-power airborne 
radar intended to make it less depend- 
ent on ground radar to locate its target. 

Officials here acknowledge that in a 
surprise attack, the enemy’s first blow 
is most likely to be struck with ICBMs 
and submarine-launched missiles, with 
enemy bombers coming in for the 
clean-up operations. They concede that 
under such conditions, much of the 
present SAGE air defense system would 
be destroyed, forcing an IMI to oper- 
ate largely on its own. 


McNamara told the House Armed 
Services Committee that the Pentagon 
intends “to make a thorough study of 
the entire problem of modernizing our 
manned interceptor force and we hope 
that next year we will be in a better 
position to make some definite recom- 
mendations on this subject." To ex- 
pedite this study, USAP Maj. Gen. A. 
C. Agan, ADC’s deputy chief of staff 
for plans, is on temporary assignment 
in the Pentagon. McNamara noted 
that if Russia deployed a new long- 



The one oscillograph paper for widest range 
of trace velocities— Ansco Linatrace A-U 


This universal photo-recording paper has the high speed required to record 
clearly high frequencies at high trace velocities . . . plus the latitude that 
makes it well-suited to relatively low writing speed applications. Ask your 
Ansco industrial representative for complete details on Linatrace A-4. 


Ansco 
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WE USE BOTH ENDS OF THE PENCIL... 

to solve advanced systems research problems 


Out beyond the State-of-the-Art,original solutions to the 
formidable new problems of today’s advanced electronic 
systems depend on the effective application of three im- 
portant tools . . . the pencil, the eraser and man’s brain. At 
Motorola, these factors have been successfully applied to 
the design and development of such major electronic sys- 
tems as the NASA/ Goddard Range & Range RateSatellite 
Tracking System . . .the Air Force data acquisition and relay- 
ing system at the Edwards AFB high speed flight corridor. . . 
and the RADAS random access, discrete address system. 
If you are interested in participating in these stimulating 
areas of systems research, write today describing your 
background and training in : 


MOTOROLA 


Military Electronics Division 


CHICAGO 51. Illinois. 1450 N. Cicero Ave./ SCOTTSDALE, ArllOns. 0201 E. McDowell Rd./m 



Complete automatic telemetry tracking 
systems . . . priced from $25,000 to $250,000 

Cubic telemetry tracking systems cover the complete spectrum of frequencies, performance . . . and price. 
For example, the Cubic AGAVE system shown in the illustration is complete and ready to perform 
automatic aerospace tracking. It includes the antenna system mounted on a pedestal, a three-bay 
electronic cabinet, plus servo and tracking receiver systems. This particular system sells for $70,000. 
Other Cubic telemetry and tracking systems sell for as little as $25,000 or as much as $250,000, depend- 
ing on the features desired. Cubic AGAVE’s have performed flawlessly as the primary acquisition 
equipment for Project Mercury, as well as in a variety of other applications. 

Cubic is able to offer this wide range of telemetry tracking systems at very competitive prices since 
Cubic has performed the major research and development, and delivered such a large volume of 
systems. Because of the wide spectrum of equipment available, Cubic 
engineers can meet the requirements of range operators and eliminate 
costly development time. For further information on Cubic AGAVE 
tracking systems, write for Technical Memorandum 102, Dept.B-136. 

OTHER OFFICES: WASHINGTON. D.C. ■ COCOA BEACH, FLORIDA . LOS ANGELES, CALIFORNIA • BOSTON, MASSACHUSETTS 
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ALL-METAL MOCKUP OF SIKORSKY CH-S3A Marine Corps heavy assault helicopter shows fuselage configuration and engine placement. 


Sikorsky CH-53A Passes Mockup Review 


By Donald E. Fink 

Stratford, Conn-— All-metal mockup 
of Sikorsky Aircraft's C11-53A Marine 
Corps heavy assault helicopter passed 
its preliminary review recently with few 
changes recommended by the Na\y Bu- 
Wcps review team. 

Production of two flying prototypes 
has entered the metal-cutting stage and 
first flight is scheduled for June, 1964. 
The four-ton capacity helicopter, which 


will be powered by two General Elec- 
tric T64-GE-6 turboshaft engines rated 
at maximum power of 2,8 50-slip, each, 
is scheduled for fleet delivery in 1965. 

The two prototypes, a static test air- 
frame and the mockup were ordered in 
a 59,752,502 Navy research and de- 
velopment contract awarded to Sikor- 
sky last fall (AW Sept. 3, p. 24). 

Production contract currently is being 
negotiated with the Navy, but Sikorsky 
already is tooling and purchasing ma- 


terials in preparation for continuous 
production. The first two production 
helicopters will follow the prototypes 
down the assembly line. Announcement 
of the size of the production contract 
is not expected until July or August. 

Metal construction was chosen for 
the mockup because it permitted faster 
and cheaper construction and also 
enabled Sikorsky engineers to resolve 
manufacturing techniques which will be 
used to improve the CI4-53A’s produci- 
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DIVERSIFIED ELECTRO-HYDRAULICS 


SERVO RESPONSIBILITY FOR THE BIG ONES, Little ones, too. Size is no deterrent to the proven efficiency of servo controls by 
Brake Shoe's Aerospace Division. ■ Here's experience and time-tested products for the sophisticated servo systems of today's aerospace 
industry— products like the Atchley Jet-Pipe servo valve, now miniaturized, which can pass particles as large as 150 microns without mal- 
function, and the new solid-state esp (Electronic Servo Package) whose unique modular design allows infinite combinations for specific appli- 
cations within the control console. ■ Special servo control systems and instrumentation govern such service-tested electro-hydraulic devices 
as hydraulic power supplies and motors, actuators, and pumps— all compatible products of the Division. Continued reliability is assured 
through instruments like the compact Atchley peak pressure gauge, expressly created to help technicians keep hydraulic systems at optimum 
efficiency. ■ Whatever your servo system needs, miniatures for air- and spaceborne operation, or systems to control the largest ground equipment 

DIVISION/ 1ERICAN BRAKE SI 




CH-53A COCKPIT PANEL is split, with pilot's engine and flight instrument group at right 
and copilot's navigation instrument and communication control group at left. Console 
between seats contains tactical display plotting board (upper left) and radios. Note engine 
power trim console atop the collective stick. 


bility, according to Charles M. Echev- 
erria, CH-53A program manager. 

Echevcrria said a simple "tinker toy" 
principle was followed in developing 
dies to stamp out aluminum parts which 
could be used interchangeably on either 
side of the mockup's setni-monocoque 
fuselage. Fuselage frames were formed 
by welding stamped ribs together. 
Frames were then joined with rib 
braces and skin panels were riveted onto 
them. Floor is of conventional box 
construction. 

Stamped parts also will be used in 
production models, but aluminum 
forgings probably will be used as the 
main fuselage structural members in 
place of the welded frames, Echevcrria 
said. Skin on the forward one-third of 
the fuselage and leading edge of the tail 
pylon will be flush-riveted for improved 
streamlining. 

The CH-53A, designated S-65 by 
Sikorsky, is the third stage of the com- 
pany's large helicopter development 
program and draws on dynamic com- 
ponent technology developed for the 
twin-piston engine S- 36— military desig- 
nation CH-37— and the S-64 Flying 
Crane (AW May 14, p. 37). The design 
stems more directly from engineering 
experience gained in the S-64 program, 
but the CH-53A essentially is a new air- 
craft. The S-64, which is powered by two 
4.050 slip. Pratt & Whitney JFTD-12A 
gas turbines, has its engines mounted 
together on top of the fuselage and 
ahead of the main rotor transmission. 
The engines drive rear-mounted gear 
boxes which are coupled with the main 
transmission. 


The CII-53A's two T64-CE-6 en- 
gines, which have front-drive gear boxes, 
are mounted in stream-lined na- 
celles which protrude at 45 deg. angles 
from the upper comers on each side of 
the forward fuselage section. The en- 
gine gear boxes, imbedded in the front 
of the nacelles, are driven by output 
shafts extending from the forward end 
of each engine. Power is transmitted 
to the rotor shaft via input shafts which 
extend back to the main transmission at 
40 deg. angles. 

The main transmission box and the 
six-bladed rotor head, which lias conven- 
tional Sikorsky extruded aluminum spar 
blades, are direct outgrowths of the S-64 
program. The extruded spar forms the 
main structural member of the blade. 
Rubber-covered steel counterweights 
extend along the leading edge of the 
blade spar to give chordwisc static bal- 
ancing. Trailing edge of the blade is 
an aluminum skin section with rib 
supports and a main channel support 
member which attaches to the rear of 
the main spar. Skin extension forms a 
sleeve which is attached to the spar by 
an adhesive bond. 

Main gearbox is a truncated cone de- 
sign developed for the S-64. It employs 
double planetary reduction gears to re- 
duce the engine input shaft com- 
ponent of 6,023 rpm. to a main rotor 
shaft output of 185 rpm. Engine gear- 
boxes effect a primary reduction of 
about 2:1 from the 13,000 rpm. output 
of each engine. 

Transmission system, which uses steel 
gears manufactured bv Indiana Gear 
Works, is designed for a maximum 



Moisture and condensation 

steel railings, stairs, diamond 
plate decking? Rust-Oleum 
research has developed special- 
izetl coatings to help you solve 
these problems. Rust-Oleum 
spec ialists arc available to work 
hand-in-hand with you and 
your organization. May we 
hear from you? 

RUST-OLEUM CORPORATION 

26000akton StrootEvanslon. Illinois. U.S.A. 

Rust-Oleum (Nederland) N.V. 

Haarlem, The Netherlands 
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SPACE MISSIONS IMPLEMENTED FROM THE GROUND ON UP 


From ground command and control to the building of payloads— ITT is a participant in virtually every area of the 
nation’s space effort. / An ITT company is the prime contractor to DCA for systems engineering of the entire 
DEFENSE COMMUNICATIONS SATELLITE program. ITT is active in satellite payload programs... providing total 
packages (ARMY GEODETIC SATELLITE)... communications and component subsystems (RANGER, OGO, SUR- 
VEYOR). An ITT division is totally responsible for ground communication systems for all ATLAS bases. In a wide 
variety of missile programs— including MINUTEMAN, TITAN and POLARIS— ITT has designed and built communica- 
tions, fuzing, launching, guidance, tracking, recording and control equipment. ITT companies provide ground 
communication stations for Project RELAY. . . communication subsystems and checkout procedures for Project 
MERCURY. ITT range support and electronic design experts contribute to the operation of the ATLANTIC MISSILE 
RANGE, the PACIFIC MISSILE RANGE, and ARIS (Advanced Range Instrumentation Ships). ..and other range proj- 
ects of NASA, US ARMY, NAVY and AIR FORCE. / International Telephone and Telegraph Corporation. World Head- 
quarters: 320 Park Avenue, New York 22, N.Y. 



single-engine power of 3,200 slip, or a 
combined-engine component of 6,400 
shp. This will enable the CH-53A to 
use growth versions of the T-64 engine 
without major design change. 

Development of the CII-53A design, 
the first to be committed to Navy's 
new Integrated Maintenance Manage- 
ment Program, from its inception (AW 
Feb. 4, p. 92) stresses reliability and 
maintainability. These two considera- 
tions dictated to some degree the place- 
ment and design of such components as 
the engines, fuel cells, auxiliary power- 
plant and the engine accessories units. 

Position of the engines, for example, 
reduces the chance of both simultane- 
ously sustaining damage from gound 
fire, since the fuselage and the main 
transmission fairing shield each engine 
from opposite side fire. Streamlined 
sponsons, which extend from each side 
of the fuselage at floor level, also provide 
some shielding from below. 

Fuel Cell Location 

The aircraft’s two fuel cells are lo- 
cated in the forward section of each 
sponson, which also house the main 
landing gear assemblies, and are sup- 
ported bv glass fiber liners and nylon 
lacing. Tire lower one-third of each cell 
is self-sealing and their location on op- 
posite sides of the fuselage reduces the 
chance of both being hit simultane- 

Fiiel cells are interchangeable and 
can be quickly removed by opening ac- 
cess panels on the top of the sponsons. 
The fuel system, which is a negative 
pressure suction system, can operate 
efficiently from either or both cells. Low 
fuel line pressure, which will remain 
below 50 psig., permits use of flexible 
plastic fuel lines. 


Fuel system employs two engine- 
driven pumps which evacuate the fuel 
lines. Fuel is forced through the sys- 
tem by atmospheric pressure. Main ad- 
vantage of the system is the lack of 
fuel pumps in the tanks or sumps, 
which makes the system less vulnerable 
and easier to maintain, Eclieverria said. 
Low-pressure lines also would not burst 
and spray fuel around the aircraft if 
punctured. 

Built-in auxiliary powcrplant, which 
consists of a Solar T62T-12 gas turbine 
engine with a hydraulic starting sys- 
tem, is located on top of the fuselage 
ahead of the main transmission. It is 
covered by the forward extension of the 
transmission fairing. In this location, 
the unit, which provides power for main 
engine starting as well as ground opera- 
tion and checkout of all of the aircraft’s 
hydraulic, electrical and electronic sys- 
tems, is shielded by the fuselage below 
and the engine nacelles on each side. 

Hydraulic, pneumatic and electrical 
accessor)' units, which are located di- 
rectly behind the auxiliary powerplant, 
also are protected by the fuselage and 
the engine nacelles. 

Typical of the accessibility considera- 
tions in the Cll-53 design are the na- 
celles, which consist of a series of 
hinged panels that act as structural 
members when closed. The panels, 
easily reached from a work platform 
which folds out of the front sponson 
fairing, give 360 deg. accessibility to 
the engines. 

Engine accessories, such as the fuel 
pumps, that require periodic mainte- 
nance have all been located on the un- 
derside of the engines. These are at 
chest level on an average size man 
standing on the work platform. Hand 
clearance around all engine service items 



■ 4 Acradrive/22 hydraulic 
servo motors orient the Hay- 
stack antenna at North 
Tyngsboro, Mass, in azimuth 
and elevation. 

■ If your project requires 
controlled movement with 
quick response at slow 
speeds, write to Cimtrol 
Division, The Cincinnati 
Milling Machine Company, 
Cincinnati 9, Ohio. Ask for 
Publication M-2281B. 


V... / 
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CAPACITOR DEGRADATION RESULTING FROM ELECTROLYTE LOSS 



NOTE: SOLID LINES-ACTUAL DATA, DOTTED LINES-ESTIMATED DATA 


new capacitor life 


Now, to the inherent advantages of foil 
tantalum capacitors. General Electric adds 
a true hermetic seal. It employs a special 
glass which is bonded to tantalum oxide 
by a recently perfected process. 

As shown above, this new seal increases 
the life of foil capacitors by virtually elim- 
inating electrolyte loss. Combined with the 
high-voltage, high-microfarad, and self- 
healing characteristics of foil capacitors, 
this added life makes G-E foil Tantalytic* 
units extremely well suited for use in mis- 
siles, satellites and other electronic sys- 
tems where high reliability is required. 
Outstanding advantage of the glass seal 
over a seal of organic material is that glass 
will not out-gas when exposed to vacuum 
or radiation. Glass is more stable to the 
chemical action of electrolyte, too. Both 
features reduce the possibility of contam- 
inating vapors entering surrounding equip- 
ments, and improve capacitor reliability. 


In developing the hermetic seal. Gen- 
eral Electric has had the support of North 
American Aviation's Autonetics Division 
as a part of the program to develop High 
Reliability capacitors for the Air Force 
Minuteman. More recently, U.S. Army 
Electronics R&D Laboratory awarded G.E. 
a contract to support development of a 
hermetic seal for standard foil capacitors. 
Ratings of the new hermetically sealed ca- 
pacitors are 85 C and 125 C, 15 to 150 
volts, and 75 to 610 microfarads. They 
come in 3 case sizes, of polar and non- 
polar construction. 

Ask your General Electric Sales Engi- 
neer about the units now available from 
stock for prototype work. He’ll be happy 
to assist you with application, too. For 
more information, write for Bulletin GEA- 
7614, to Section 430-16, General Electric 
Co., Schenectady, N. Y. Electronic Special - 
ty Capacitor Product Section, Irmo, S. C. 


Thgress Is Our Most Important Product 

GENERAL® ELECTRIC 



Army XV-5A* provides maximum range/payload 


Scheduled to fly in mid-1963, the Army XV-5A* lift fan research aircraft 
will provide greater payload/range capability than any other high per- 
formance V/STOL system. 

Now being designed and built by Ryan Aeronautical Company, under 
contract to General Electric, the XV-5A 6 aircraft will be powered by two 
J85 jet engines which drive submerged wing fans for vertical flight. This 
unique concept provides two to three times more lift, for a given amount 
of installed engine thrust, than any other high speed V/STOL design. 

Result: Greater payload/range capability — less fuel consumption and 
need for logistic support. Because the lift fan system multiplies engine 
thrust by 300 percent, for vertical flight, XV-5A* engines can be sized 
for most efficient hovering and cruise conditions and do not have to be 
oversized to meet V/STOL flight requirements. These inherent and de- 
signed advantages give the XV-5A 0 performance which meets anticipated 
requirements for military missions. • formerly vz-ii 

RYAN AERONAUTICAL COMPANY, SAN D I EG O, CALI FO R N I A 


R V A N 

AEROSPACE 




RYAN'S SPECTRUM OF CAPABILITIES 
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ranges from fisc to eight inches and all 
drains and vent lines have quick discon- 
nect attachments. Engine control lines 
are arranged for one-point hookup. 

Engine air intake ducts on the na- 
celles arc kidnev-shaped and conduct 
the engine air flow around the engine 
drive gear boxes and torque tubes to 
the front face of each engine. Horse- 
power loss computed for the ducts is 
less than one-half of 1%. Inlets are 
about 10 ft. above the ground, minimiz- 
ing the possibility of foreign object 
ingestion. 

Cooling System 

The nacelles also have been designed 
with a cooling system to maintain com- 
partment temperatures at about 300F 
during hover and forward flight and to 
pres ent "hot soak" temperature buildup 
after engine shutdown. 

System uses air inlet louvers, located 
on the lower forward section of each 
nacelle, which act in conjunction with 
an exhaust ejector at the aft end to 
maintain a flow of cooling air through 
the nacelle. Reflective-finish layer on 
the inner cowling surfaces also helps to 
prevent compartment heat buildup 
through absorption. Small louvers on 
the upper rear nacelle panels pennit free 


convective cooling after engine shut- 

Walkwavs are provided along both 
sponsons and along the top of the fuse- 
lage, to give clear access to all units en- 
closed in the main transmission fairing. 
The front section, which covers the 
auxiliary powerplant. slides forward ex- 
posing the entire unit. 

The aircraft’s accessory units are lo- 
cated dircctlv behind the auxiliary 
powerplant and derive their power from 
a gear box driven by the auxiliary unit. 
Fairing section covering the accessory 
units also slides forward for improver] 
accessibility. 

Located in the rear section of the 
fairing is a 600,000 btu. heater for 
cabin heating and an engine oil cooler. 
Large access panels also have been pro- 
vided for these units. 

Rotor Head 

Transmission and main rotor shaft are 
reached via access panels on each side 
of the transmission fairing. The rotor 
head, which has an automatic blade- 
folding system and a blade positioner 
that sets the rotor head in the correct 
position for the folding sequence, can 
be reached from the fuselage walkways. 
All six blades fold back on top of the 
fuselage. 

Tail rotor is a four-bladed. semi- 
rigid configuration. It is driven by a 


shaft which runs from the main trans- 
mission along the top of the fuselage to 
an intermediate gear box at the base of 
the upswept portion of the pylon. A 
secondary shaft runs from the inter- 
mediate gear box to the rotor gear box 
atop the pylon tip. 

Carrier Stowage 

Tail pylon is hinged about 3 ft. for- 
ward of the upswept portion and folds 
automatically as part of the blade fold- 
ing sequence. The pylon also can be 
folded separately with a hydraulic 
wobble pump, to lower the tail rotor 
assembly for inspection or minor main- 

Rotor blade and tail pylon folding re- 
duces the helicopter's length to 36.5 
ft. for stowage aboard an aircraft carrier. 
Maximum width is reduced from the 
main rotor diameter of 72.0 ft. to max- 
imum fuselage width of 15.5 ft. 

The CII-53A’s semi-monocoque fu- 
selage is divided into five main sections: 
the cockpit, forward cabin section, aft 
cabin section, tail pylon and the spon- 

Over-all fuselage length from nose 
to tail pylon tip is 67.2 ft. The cabin 
is a constant section 30 ft. long, 6.5 ft. 
high and 7.5 ft. wide. 

The cabin floor, which will support 
300 psf. contains 5,000. 10,000 and 
20,000-lb. capacity tiedown fittings 
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AT RADIATION, IDEAS BECOME REALITY 

Example: Antennas of diversified design 


An effective antenna must provide far more than a sum of its 
parts. For maximum efficiency, it must be considered an integral 
part of an entire system rather than an individual component. 
That's why Radiation engineers experienced in complete sys- 
tems development consistently base final design parameters on 
ultimate application. The success of this system oriented ap- 
proach is evidenced by scores of Radiation antennas sweeping 
the skies from the Pacific to the Atlantic Missile Ranges. 

Thus, Radiation has developed more experience in auto- 
matic tracking antenna design and application of telemetry 
techniques than any other company. A 12-foot dish antenna, 
featuring new all solid-state tracking servo system and mode 
switching logic, is now under development for the X-20 (Dyna 
Soar) program. Two high-gain, wideband 85-foot antenna 
systems will soon be put into service on the Atlantic and Pacific 
Missile Ranges. Radiation quad-helix array antennas with 


phase monopulse tracking have been delivered for Bell's 
Telstor Project. And now. Radiation's broad-band "Telscom" 
antenna is available. Telscom combines acquisition and track- 
ing operations for telemetry, surveillance and communications 
and operates from 200 to 2,300 Me. 

These examples illustrate Radiation's unique contributions 
through advanced research and production techniques. If 
your interest lies in this Held, you'll find a challenging and re- 
warding future at Radiation. Write for more information or 
send your resume to: Personnel Director, Dept. AW-4, Radiation 
Incorporated, Melbourne, Florida. Radiation is an equal 



RADIATION 


Me/bourne 
of Radiation Incorporated 


Ground/Spoc 


ling Syste 



spaced 20 in. apart on the fuselage 

Seating arrangements for 2S combat- 
equipped troops, a crew chief and a 
troop commander originally were called 
for in the specifications, but one of the 
changes proposed by the mockup re- 
view team was to increase this to a total 
of 38 passengers. Cabin section also will 
be capable of holding 24 military litters 
and four medical attendant scats for 
transportation of wounded. 

The primary mission of the CH-53A 
will be cargo 'hauling, however. The 
main cabin-access door, under the up- 
swept tail pylon, and the integrated 
cargo-handling system were designed 
especially for this mission. ^ 

horizontal panels, the upper of which 
swings in and up to give overhead clear- 
ance. The other swings downward to 
form a loading ramp. The hydraulically 
operated ramp can support 3,000 lb. 
when extended horizontally at the fuse- 
lage floor level. This permits loading 
cargo directly into the fuselage from 
truck bed level. 

Cargo Handling System 

Twin tracks, divided into 10-ft. sec- 
tions, arc set in floor channels to sup- 
port wheeled vehicles. The track sec- 
tions have rollers on the underside and 
can be flipped over to fonn a double 
roller track for loading boxes or palle- 
tized cargo. 

Since Marine Corps specification call 
for all operations with a three-man crew 
—pilot, copilot and crew chief— a twin- 
winch integrated cargo handling sys- 
tem with a remote-control cable was 


built into the fuselage. The system con- 
sists of two 2,000-lb. capacity winches 
set in the forward comers of the cargo 
compartment. The winches can be op- 
erated singly or in unison and can be 
used to both load and unload cargo. 
The remote control cable is stored on 
an overhead, spring-wound reel near the 
rear door. This enables the crew chief 
to run cables out to boxes or pallets be- 
hind the fuselage and still maintain con- 
trol of the winches. 

Specific items the C11-53A is de- 
signed to carry include: 

• One 1 1 ton truck and trailer. 

•Hawk missile system. 

• Honest John missile on its trailer. 

• 105 mm. howitzer or one J-ton jeep 
with a 5-ton two-whcclcd trailer. 

Guaranteed performance of the CH- 
53A at maximum takeoff gross weight of 
33.4S4 lb. is 170 kt. at sea level. Nor- 
mal cruise speed is 1 50 kt. Hover ceil- 
ing out of ground effect is 7,200 ft. and 
combat radius is 100 naut. mi. Rate of 
climb on one engine is 200 fpm. on a 
standard hot day. 

Aircraft's landing gear consists of 
three identical double-wheel units, one 
in the nose and one in the aft section 
of each sponson. Tires are 8.50x10 tube- 

Nose gear, which can rotate 360 deg. 
on the ground, retracts rearward into a 
wheel well in the bottom of the fuselage 
nose. The main gear assemblies retract 
forward into compartments in the spon- 
sons. A tail skid, which extends from 
the bottom of the tail pylon when the 
gear is lowered, provides protection for 
the tail rotor during the landing flare. 
The skid automatically retracts when 


full landing pressure is exerted on the 
main landing gear, leaving the area un- 
der the pylon clear for loading and un- 
loading operations. 

CII-53A also has emergency water- 
landing capabilities. The entire bottom 
of the fuselage is watertight and the 
sponsons provide an additional 7.700 lb. 
of buoyancy. Sponsons also provide roll 
stability, enabling the helicopter to re- 
main afloat for a minimum of two hours 
with its power off. 

CH-53A’s flight control system is 
composed of mechanical linkage units 
connected to three banks of hydraulic 
servos: a primary' and a backup to han- 
dle flight loads and a third set to oper- 
ate the automatic flight control system. 
Primary system controls roll, pitch, yaw 
and altitude. Back-up system controls 
roll and pitch only’. System pennits 
hands-off attitude stabilization and au- 
tomatic cruise flight by r maintaining dy- 
namic stability. 

Control System Operation 

The system employs aircraft attitude 
and rate sensing, cyclic stick position 
sensing, electronic shaping and ampli- 
fication and hydraulic boost for control 
surface movements. The system can 
be engaged prior to takeoff and left 
engaged during flight. It has limited 
authority, which permits stability cor- 
rections and allows the pilot to assume 
control of the helicopter through normal 
use of the manual controls at any time 
during flight. 

Aircraft’s electrical power system con- 
sists of two isolated circuits, each pro- 
viding 115-200 v. a.c. or 28 v. d.c. 
power. The generators arc mounted on 
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OPPORTUNITIES IN SYSTEM TECHNOLOGY 



“Task Force” Engineers 

SPEED MCDOIMIVELL. AEROSPACE 
DEVELOPMENT PROGRAMS 


System Technology Division (STD) engineers 
at McDonnell provide “Task Force” support for all 
McDonnell systems engineering. These teams of 
technical specialists are assigned to specific engineer- 
ing programs to advance the design and develop- 
ment of space, missile and aircraft products. While 
so assigned, they continue to receive technical and 
administrative direction from their functional de- 
partment within the System Technology Division. 

This “Task Force” approach facilitates rapid 
build-up of engineering effort without re-organiza- 
tion or disruptive administrative changes. Since 
STD engineers operate in all company design areas, 
the organization provides an effective avenue for 


interchange of ideas and developments between all 
McDonnell engineering divisions. 

A member of this team achieves a high degree 
of product diversification experience which increases 
his capability in his particular area of specialization. 
When a project is completed, the STD engineer is 
assigned to a new program. In this way, the creative 
talents of these key specialists are continually 
applied to the most critical engineering projects. 

If you are interested in the diversified opportuni- 
ties inherent in the McDonnell System Technology 
Division, complete and mail, in confidence, the 
brief resume form below. For a comprehensive, 
immediate review of your qualifications, attach a 
complete resume of your education and experience. 


r 


D. F. Waters, McDonnell Employment, Dept. 62J, Box 516, St. Louis 66, Mo. 


1 
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WHERE INCREASED TENSILE, 
IMPACT AND TEMPERATURES COUNT 


MAXIMUM 

RELIABILITY 


VACUUM AND CONSUMABLE ELECTRODE STEELS • BACK-UP ROLL SLEEVES • FORGED STEEL ROLLS • FORGINGS 
RINGS • PRESSURE VESSELS • INDUSTRIAL KNIVES • DIE BLOCKS • MATERIALS HANDLING EQUIPMENT 
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Opportunities in 
Design & Development of 
Advanced Turbine Engines 
for New ASW and 
V/STOL AIRCRAFT 
MOBILE NUCLEAR REACTOR 

Military limited warfare concepts have established urgent 
requirements for new gas turbine engines with greatly 
extended capabilities. 

Allison — longtime world leader in Turboprops — is now 
developing new engines to meet advanced requirements for 
ASW and V/STOL types of aircraft. These include a ther- 
mal regenerative turboprop which would more than triple 
on station time for an ASW aircraft. In addition, Allison is 


studying optimum turbine engines for a highly mobile Mil- 
itary Compact Reactor it is developing for the Atomic 
Energy Commission. 

Acceleration of these and other solid, advanced turbine 


ties for engineers and scientists — BS & MS — experience 
preferred: Mechanical Engineers . . . Electrical Engi- 
neers . . . Aeronautical Engineers . . . Chemical Engi- 
neers . . . Metallurgists . . . Mathematicians. Work 
areas include: 

• STRESS ANALYSIS • MECHANICAL DESIGN 

• AERODYNAMICS • CONTROL ENGINEERING 

• THERMODYNAMICS • DEVELOPMENT ENGINEERING 

Positions involve work in design and development of all 
types of advanced turbine engines and components includ- 
ing new compressors, turbines, reduction gear assemblies, 
turbo machinery for industrial use, etc. 

A promising future awaits those who qualify. Send your 
resume TODAY, or write to: Mr. V. A. Rhodes, Profes- 
sional and Scientific Placement, Dept. 1304, Allison Divi- 
sion, General Motors Corporation, Indianapolis 6, Indiana. 

An equal opportunity employer 

.Allison. ■ 
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Destination: EARTH 


After a final, over-the-shoulder 
glance at the craggy lunar scene, 
moon explorers will apply them- 
selves to the new task at hand — 
getting back home. How will the 
lunar declination at time of lift-off 
be interrelated with earth landing 
site latitude, time of Right and 
landing range from re-entry at y= 
— 6 C to touchdown? 

Curves Provide Key 
The curves at upper right provide 
the key. Window AB describes the 
range of lunar declinations, from 
+0.5 r to —20.5°, acceptable for 

at a latitude of + 10°, for a 2^ day 
time of flight with a landing range 
of 2000 n.mi. from re-entry at y= 
—6° to touchdown. The schematic- 

plane for a lunar declination of 
- 10°. As lunar declination varies 
through the acceptable range 

plane will rotate around the radius 

Variety of Opportunities 

volved with a great variety of 
space-oriented activities. These in- 
clude the design and development 
of boosters and vehicles to accom- 
plish far-ranging missions as well 
as the analysis of the paths they 
will follow. We’re developing the 
precise electronic systems that will 
guide, track and communicate with 
the men and machines. Our efforts 
along many aerospace frontiers are 
creating a number of opportunities 
for engineers and scientists with 
exceptional abilities. If your in- 
terests and experience qualify you 
to fill one of these positions in 
advanced areas of activity, we urge 
your inquiry. 

Details for 

Engineers and Scientists 
You will find details of current po- 
sitions on the next page. Your 
reply, which will be held in com- 
plete confidence, can be made on 
the attached Professional Place- 
ment Inquiry form or by writing 
Mr. R. M. Smith, Chief of Profes- 
sional Placement and Personnel, 
Mail Zone 130-90, General Dy- 
namicsjAstronautics, 58J0 Kearny 
Villa Road, San Diego 12, Calif, 

G II INI) 




LUNAR LIFT OFF ATS = -10° Heading for an earth landing site latitude of + 10 a 
vehicle will describe this approximate trajectory over a 2.5 day time of flight. Landing 
range from y= —6° to tonchdown would cover some 2000 n.mi. in this case. 



RE-ENTRY MINUS 60 SECONDS The earth will present this aspect to returning moon 
explorers as they near their destination. This photograph was taken at an altitude of 100 
miles from a NASA Mercury capsule, boosted into orbit by an Allas space launch vehicle. 
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A MESSAGE OF INTEREST TO ENGINEERS AND SCIENTISTS 

Important positions exist in the following areas: 


DYNAMICS 

ENGINEERING 

BS or MS in engineering, physics < 


STRUCTURAL DYNAMICS: t. 


dynamic models of sp 


ADVANCED 

ELECTRONIC 

SYSTEMS 


. The develop 
ods and cesr d 


r MSEE with applic 


THERMODYNAMICS 

ENGINEERING 

or MS in ME or AE 10 develop det 


TECHNICAL ANALYSIS: scope in 
establishment of guidance and (light o 
system requirements, analysis of systen 


AUTOPILOT DESIGN: a 


GUIDANCE SYSTEM: r 


Machine System Analy. 
COMPONENTS: Relit 
sign. Hardware Analyt 


AERODYNAMICS 


nalyti- 

equipmo- 

Openings also exist for graduate engineers in the following: 
STRUCTURAL DESIGN, RELIABILITY, ELECTRONIC DESIGN AND DEVELOP- 
MENT, OPERATIONS AND SYSTEMS ANALYSIS. WELDING ENGINEERING, 
MECHANICAL DESIGN, STANDARDS AND CALIBRATION LABORATORIES, 
and TECHNICAL WRITING. 


EXPLORE THE IDEA of growth 
and advancement with one of the 
nation's prime aerospace firms, a 
company whose name is synony- 
mous with leadership in a broad 
range of pace-setting industrial ac- 
tivities. Among dozens of active 
study contracts and in-process hard- 
ware projects which assure far-rang- 
ing challenges to Astronautics staff 
members are Nova, Centaur, Atlas 
SLV III, lunar vehicles, manned 
space stations, solar monitors and 
an impressive array of orbiting and 
space probe vehicles. Consider the 
scope of these projects. Match your 
interests and abilities with the activ- 
ity descriptions at left. Visualize 
yourself at Astronautics, where the 
professional climate favors your ca- 
reer and the sunny San Diego cli- 
mate favors your family's year-round 
enjoyment of life. 



Explore the pleasures of San Diego living. 


* If the inquiry card has been removed, 
or if yon wish to furnish or request 
more detailed information, please write 
to Mr. R. Af. Smith, Chief of Profes- 
sional Placement and Personnel, Mail 
Zone 130-90, General Dynamics \ As- 
tronautics, 5830 Kearny Villa Road, San 
Diego 12, California. 
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FAA, ATA Shown Anti-Collision System 


Great Neck, N. Y.— Laboratory model of an airborne anti-collision system, 
which is adaptable to a fully automatic collision avoidance system or a less 
expensive, lighter-weight proximity warning indicator, was demonstrated 
recently by Sperry Gyroscope to members of the Federal Aviation Agency’s 
collision prevention advisory group and the Air Transport Assn. 

The Sperry system is a cooperative type that requires compatible elements 
in both aircraft involved in a collision threat before either is protected, similar 


to systems developed by Bendix Radio 

Sperry estimates that the fully auto- 
malic collision avoidance system (CAS), 
which evaluates the threat, alerts the 
pilot only when a hazard exists and 
shows him the required evasive pitch- 
axis maneuver, would weigh about 120 
lb. A proximity warning indicator 
(PWI), which merely displays potential 
threats and requires pilot evaluation for 
evasive action, is estimated to weigh 
about 90 lb. 

Stripped-Down Model 

A stripped-down model suitable for 
smaller aircraft, which would enable 
them to be "seen" by larger, fully 
equipped aircraft, is estimated to weigh 
about 40 lb. The pilot of such mini- 
mum-equipped aircraft would largely 
depend upon the fully equipped air- 
plane perfonning the required evasive 
maneuver, except where the minimum- 
equipped aircraft is climbing or descend- 
ing and receives a “level-out" alarm 
from the aircraft equipped with the 
complete system. 

Sperry built the present feasibility 
model under an FAA contract totaling 
5360,000, but initiated early work on 
the concept with company funds. Pres- 
ent contract funds will run out within 
60 days and FAA has no present plans 
to extend the work into (light test phase 


and by the National Co. 


pending results of basic computer 
studies (see box on p. 107). 

The Sperry system is the most sophis- 
ticated and perhaps the most discrimi- 
nating CAS PWI to be developed to 
date. As the company points out, “the 
primary problem is not the detection 
of a potentially threatening aircraft, but 
discrimination against non-threatening 
aircraft and selection of the proper 
evasive maneuver when required." The 
problem of discrimination is one on 
which many CAS/PWI concepts have 
foundered. The evasive maneuver used 
by Sperry is the change in altitude first 
proposed by Bendix Radio for its CAS 

Radar Beacon 

The new system employs radar bea- 
con techniques that bear some similar- 
ity to those used in the air traffic control 
transponders, but the latter can not be 
used for the CAS/PWI function. A 
fully equipped aircraft carries a flush- 
mounted rotating antenna which scans 
in azimuth at the rate of one-half revo- 
lution per sec., transmitting an interro- 
gation message containing five suitably 
spaced pulses which indicate the inter- 
rogating aircraft's own barometric alti- 


Wlien the narrow directional rotating 
beam from the interrogating aircraft is 
received by another equipped aircraft, 
the altitude of the interrogator is com- 
pared with the barometric altitude of 
the second aircraft. If the two arc sepa- 
rated by more than the specified altitude 
guard band, the second aircraft does not 
reply. 

durrent thinking is that the alti- 
tude guard band would be *600 ft., 
except for aircraft that climb and de- 
scend at extremely high rates, such as 
military or supersonic transports. 
Message Reply 

If, however, the two aircraft are 
within 600 ft. of the same altitude, the 
second aircraft replies with a message 
containing seven pulses. 

This message tells the interrogator 
the direction in which the second air- 
craft is flying and its airspeed in terms 
of the north-south and east-west com- 
ponents of its velocity. 

By measuring the time delay between 
interrogation and receipt of the reply, 
the interrogator’s computer can calcu- 
late the separation distance, while the 
position of the rotating beam at the 
instant the signal is received indicates 
the relative bearing of the second air- 
craft. All of this information, plus data 
on the interrogating aircraft's own head- 
ing and airspeed, are fed into an analog 
computer which then determines if the 
present situation will bring the two air- 
craft into close enough proximity to 
constitute a collision threat. The mini- 
mum distance criteria which constitutes 
a threat will depend upon the airspeed 
of the two aircraft involved, currently 
estimated to be about 1 mi. for subsonic 



COLLISION AVOIDANCE SYSTEM (CAS) recently demonstrated by Sperry Gyroscope Co. uses interrogator and transponder, left, in air- 
craft to evaluate threat and show pilot required escape maneuver direction. However, smaller aircraft could carry only the 40-lb. trans- 

weight of full CAS is shown in skctcii. right. A lighter-weight proximity warning indicator function also is possible. 


INTERROGATOR TRANSPONDER- 


ESTIMATED PHYSICAL CHARACTERISTICS 
COLLISION AVOIDANCE SYSTEM 
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WHAT YOU GET OUT OF A MISSILE DEPENDS ON 
HOW YOU PUT WHAT YOU PUT INTO IT INTO IT 


SONOSWITCH: THE FLIGHT DIRECTOR’S FRIEND 
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SOLID STATE 
POTENTIOMETER 



In GCC's 8644 PHOTOPOT, a tiny 
beam of light replaces the conven- 
tional pot wiper arm. On the face of 

resistive film are separated by 
a photoconductive crystal. When a 
shield with a small opening is placed 
between a light source and the crys- 
tal, the angle at which light enters the 
shield opening is accurately meas- 
ured. Linearity is ±0.2% to 2%. 
Resolution is 2 microns. Sweep is 5 
cm/sec. Availability is now! 

capability? 

Your PHOTOPOT data bulletin is 
ready for you. All you need to do is 


INFORMATION, ANYONE? If youd I stepping rotostepper ... a 
like to know more about our sono- solid state potentiomet 
switch* ultrasonic probes... our fast- | requesting appropriate litera 


| (GianninT Controls Corporation 
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jet transports, less for slower piston- 
engine aircraft. 

The present system design concept 
calls for the system to consider the colli- 
sion threat only when the two aircraft 
have closed to within 40 sec. of mini- 
mum miss distance, ignoring aircraft 
farther out. For two subsonic jets fly- 
ing at 600 mph. in head-on paths, col- 
lision threat evaluation would begin 
when the two were separated by about 
1 3 mi. However, these figures can be 
set at anv value the FAA might estab- 
lish. 

False Alarms 

To reduce the likelihood of false 
alarms caused by spurious pulses from 
other aircraft in the vicinity or other 
radar systems, the Sperry system is de- 
signed so that it will not alert the pilot 
until the data obtained during one scan 
of the interrogating antenna has been 
fully confirmed by the several trans- 
ponder reply messages received during 
the same scan. Additionally, the mes- 
sages from two subsequent scans over a 
2-sec. interval are compared for con- 
sistency to be sure the data is correct. 
This double correlation procedure 
means that between 2 and 4 sec. is 
required to determine for sure that a 
collision threat exists. 

When the computer concludes that 
a threat docs indeed exist, knowing the 
relative altitudes of both aircraft, it can 
determine whether the interrogating 
aircraft is above or below the intruder 
and thus whether its best escape maneu- 
ver is to climb or descend. This would 
be indicated instantly to the pilot by 


means of a suitable cockpit display. 
(The laboratory model uses green ar- 
rows pointing up or down). If the pilot 
fails to respond promptly to the initial 
warning after a suitable time interval, 
a red light or audible alarm goes on to 
show that immediate action is required. 

If the second aircraft is also fully 
equipped, its own interrogator and 
computer would be duplicating the 
process taking place in the first aircraft 
and the pilot would be getting the 
opposite escape maneuver indication. 

The Sperry system also has provi- 
sions to handle situations other than 
the classical one of two converging air- 
craft in level flight just described. If 


an aircraft equipped only with the mini- 
mum transponder (no CAS/PW1 pro- 
visions) is climbing or descending into 
a threat position against the interroga- 
tor-equipped aircraft which is in level 
flight, it may be difficult for the latter 
to escape the threat by a pitch maneu- 
ver. The system has provisions which 
enable the interrogator aircraft to send 
a "level-out” signal automatically to the 
aircraft equipped only with the trans- 
ponder. 

Two aircraft flying nearly parallel 
courses where convergence of their 
flight paths will not occur for more 
than 40 sec., but where a slight maneu- 
ver bv either could produce a collision 
threat, also requires special treatment. 
The system is designed so that at some 
minimum safe separation range the 
pilot will receive a fly up or fly down 
signal. 

Two Intruders 

If there are two intruders on a com- 
mon bearing from the protected aircraft 
and the more distant one presents a 
collision threat because of its heading 
or speed while the nearer one docs not, 
the system locks onto the more distant 
threat and ignores the closer one, unless 
a change in its heading makes it a 
more immediate threat. 

The five-pulse interrogation message 
has a duration of about SO microseconds 
and is repeated every 5.000 microsec- 
onds. The time-spacing between second 
and third pulses in the message indi- 
cates the interrogator aircraft altitude 
to coarse (5.000-rt.) increments, while 
the spacing between third and fifth 
pulses indicates altitude to approxi- 
mately 50 ft. Tlie time-space between 
pulses one and two indicates the re- 
quired altitude guard-band, which is 
eight microseconds, corresponding to 
600 ft. For aircraft that climb and 
descend at higher rates, this spacing can 
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The Greeks had a word for it . . . 



EPMAf&POAITTKOS 


What this has to do with us is an understandable 
connection— plainly hermaphroditic and exclusive 
in the new miniature DUALATCH* Connector. 
Here’s a connector that stacks up against industry 
need with feature after feature— working features 
that come as a result of our longtime experience 
and production know how in solderless termina- 
tion products and techniques. 

In this DUALATCH Connector, the crimped con- 
tacts of identical design can be quickly snapped 
into either half and because the controlled crimp- 
ing is done on A-MP* Automachines at rates of up 
to 1500 terminations per hour, you gain three 
ways— higher density, maximum reliability and 
lowest possible installed cost. The flat design of 
the contact gives you additional advantages over 
conventional connectors— 70% lower insertion 
and withdrawal forces, overall wiping action for 


greater contact redundancy and better mating 
and alignment. Available in 40, 60 and 132 posi- 
tion sizes, the DUALATCH Connector offers these 
additional features: 

• polarized for error-free assembly 

• numerous keying possibilities 

• cost-saving stamped and formed contacts 
« AMP gold over nickel plating 

• available for wire size ranges 20-22, 24-26 and 
28-32 AWG 

Send today for complete information. 



TRANSPONDER REPLY MESSAGE 
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TRANSPONDER COMPARES own-aircraft 
altitude with that of interrogating aircraft, 
or its projected alb'tudc if climbing or de- 
scending and responds only if there is poten- 
tial threat. Reply indicates altitude differ- 
ence if threat exists by spacing between 
pulses two and three. Space between first 

range of transporting aircraft while spacing 
between pulses three and six, and six and 
eight gives transponding aircraft airspeed in 

be changed to 10 or 12 microseconds 
to provide a greater altitude separation 
guard-band. 

When the interrogator aircraft is in- 
volved with a transponder-only equipped 
aircraft which is climbing or descend- 
ing so that the escape maneuver is more 
convenient for the latter, the space 
between pulses four and five is increased 
from four microseconds to six to indi- 
cate a "level-out" signal to the intruder. 

The seven-pulse transponder reply 
message varies the spacing between first 
and second pulses to show aircraft’s 
speed range (0-300 kt., 0-800 kt. or 
supersonic), while the spacing between 
the second and third pulses tells the 
interrogator the difference in barometric 
altitude between the two aircraft. Spac- 
ing between pulses three and five and 
between five and seven tells the trans- 
ponder aircraft's airspeed in a north- 
south and east-west direction, respec- 
tively. 

During the laboratory tests here, 
Sperry introduced random pulses, 
shaped identical to those used for the 
interrogator and transponder messages, 
to simulate the spurious noise pulses 
which would be experienced in a multi- 
aircraft environment. This produced an 
occasional brief false alarm, which 
quickly disappeared when it failed to 
correlate with a subsequent interroga- 
tion. Theoretical analyses and experi- 
mental investigations indicate that an 
operational CAS system should experi- 
ence a false alarm only once every 60 
hr., according to Clem McKown, proj- 
ect engineer. 

The system in present laboratory con- 
figuration uses 511 transistors for the 
full CAS system, but some simplifica- 
tion may be possible in production de- 
sign, a company spokesman said. While 
Sperry is reluctant to estimate price for 



SYSTEMS MEN: 
CONTACT MITRE 

Because of the increasing need for more ad- 
vanced defense systems, MITRE is expanding 
its technical staff. 

MITRE'S prime mission: 

• To design, develop and help put into opera- 
tion global command and control systems 

• To analyze and integrate existing systems, 
and display systems. 

might give the military commander extra 

Beginning with SAGE and continuing through 
BMEWS. NORAD Combat Operations Center, 
Nuclear Detection and Reporting System, and 
systems yet unnamed, MITRE is making im- 
portant contributions both to national defense 
and to systems development. 

At MITRE the approach is purely scientific and 

of command and control technology. 

Today, at MITRE, there Is a broad range of op- 

lists and engineers. You would be part of a 
team that is doing original, important, and 
challenging work in areas ranging from con- 
ceptual system design to electromagnetic 

cations to survivability techniques. 



started, today, towards a rewarding career at 
MITRE. 

Currently assignments are available in the following 
broad areas: 

• Management Syslems • Advanced Systems 

- Data Processing - System Cost Analysis 

Development . Econometrics 

• Computer Applications . Radar Systems 

• Air Defense and Techniques 

Systems Design . Air Traffic Control 

- Operations Research . Space Surveillance 

- Communications . Space Systems 

• Human Factors Command and Control 

• Range Instrumentation • Astrodynamics 
Minimum requirements. B.S., or M.S., or 
Ph.D. in these disciplines: electronics, physics, 
and mathematics. MITRE is located in pleas- 
ant, suburban Boston. Rewards are competi- 
tive. Write, in confidence, to Vice President — 
Technical Operations, The M ITR E Corporation, 
P.O. Box 208H. Bedford, Massachusetts. 

MITRE 

An Equal Opportunity Employer 
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Here, at Lockheed Missiles & Space 
Company's Space Communications Lab- 
oratory, scientists are re-investigating the 
possibility of using the moon to facilitate 
earth communications. Possibilities for 
the use of the moon as a relay station for 
earth-to-earth communications have been 
largely neglected because the moon's 
shape and rugged surface greatly dis- 
torted a return signal. But Lockheed 
research into the extension of communi- 

channels, using techniques applicable to 
dispersive time variant channels, is mak- 
ing significant inroads into this problem. 

Another area receiving intense study at 
Lockheed is satellite tracking of deep 
space probes. Since tracking accuracy 


depends greatly on stations being as far 
from each other as possible, while retain- 
ing line-of-sight communications, Lock- 
heed is studying the use of two earth- 
orbiting satellite tracking stations, 8000 
miles apart. Not only would great accuracy 
be gained by the separation, but it would be 
further enhanced by the positioning of the 
stations above the earth's atmosphere, 
thus eliminating atmospheric distortion. 

Examples of other research projects 
being pursued by Lockheed in the com- 
munications area include: Random mul- 
tiplexing, satellite readout techniques, 
scatter communications, radar mapping, 
submarine tracking, modulation of optical 
energy, communications over multipath 
channels, and learning systems. 


LOOK AT LOCKHEED. . . AS A CAREER 

Consider Lockheed's leadership in space 
technology. Evaluate its accomplishments 
—such as the Polaris missile and the 
Agena vehicle's superb record of space 
missions. Examine its outstanding advan- 
tages— location, advancement policies, 
creative climate, opportunity for individual 
recognition. 

Then write for a brochure that gives 
you a more complete Look at Lockheed. 
Address: Research & Development Staff, 
Dept. M-43B, P.O. Box 504, Sunnyvale, 
California. Lockheed is an equal oppor- 
tunity employer. 

SCIENTISTS t ENGINEERS: In addition 
to positions in the research and develop- 
ment of communications and optics, 
other important openings include: Inertial 
guidance • Orbit thermodynamics • 
Electromagnetics . Mission & trajectory 
analysis • Gas dynamics • Chemical and 
nuclear propulsion • Systems engineering 

LOCKHEED 

MISSILES a. SPACE COMPANY 

Sunnyvale, Palo Alto, Van Nuys, Santa Cruz, 
Santa Maria, California • Cape Canaveral, 
Florida • Huntsville, Alabama • Hawaii 


LOOK AT LOCKHEED IN SPACE COMMUNICATIONS: 

Where outstanding successes have created aerospace leadership 
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INTERROGATION MESSAGE transmitted 
by each cqtii]>|>cd aircraft consists of five 
pulses. Altitude of interrogating aircraft is 
indicated by spacing (in microseconds) be- 
tween second and third pulses and between 
third and fifth pnlscs. If interrogating air- 
plane is climbing or descending at very high 
rate of speed, requiring larger altitude guard- 
band. pulse space between first and second 

after receiving transponder reply, determines 
that other aircraft is clirnbing/dcsccnding 
into collision threat and does not have full 

craft changes spacing between fourth and 
fifth pulses to tell other aircraft to level out 
to avoid collision. 

a production CAS system at this stage, 
an airline spokesman estimated it would 
cost S30.000 to S 40.000 per aircraft. A 
Sperry spokesman said that large-quan- 
tity production units could be available 
three to five years after a decision was 
made to adopt the system— a decision 
which does not appear imminent. 

The FAA at present has no plans nor 
funds allocated for flight tests of the 
Sperry system. Earlier, the FAA spon- 
sored flight tests of the flush-mounted 
Luneberg lcns-tvpe scanning antenna 
and subsequently funded construction 
of the present laboratory equipment. 
The flight-tested antenna operated at 
X-band, but Sperry sins a production 
system probably would be designed to 
operate at K„ band. 
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► Optical Transistor Promising— New 
optical transistor recently announced by 
International Business Machines Corp.. 
in which infrared light generated bv 
gallium-arsenide junction is the mech- 
anism for transferring energy to second 
junction rather than electron-hole car- 
riers as in a conventional transistor, 
opens up the possibility of using a va- 
riety of new semiconductor materials 
with short carrier lifetime, Robert N. 
Redikcr of Lincoln Laboratories re- 
ported at the recent Institute of Elec- 
trical and Electronic Engineers conven- 
tion. The new optical transistor may be 
able to operate at frequencies as high 
as those obtained with mesa transistors. 


but it should be less expensive to fabri- 
cate, Redikcr predicted. 

► Computer Reads Hand Printing- 
Technique that permits automatic read- 
ing of hand-printed alpha-numeric char- 
acters and is largely unaffected by 
character size, style, tilt, thickness or 
position on the paper, was reported to 
the IEEE by Frank P. Kuhl, Jr., of 
Sperry Gyroscope Co. A general pur- 
pose computer can be programed to 
recognize character by its contour, num- 
ber of free ends and the presence or 
absence of sharp angles, Kuhl said. 

► Monopulse Log Spiral Antenna— Sim- 
ple. lightweight log-spiral antenna which 
provides simultaneous sum and differ- 
ence type patterns over a 3:1 frequency 
range, with constant bcamwidth and 
gain, was reported to the IEEE conven- 
tion by R. W. Logan. Airborne Instru- 
ments Laboratory. The antenna, con- 
sisting of a four-ann conical log-spiral 
array axially fed from a set of baluns 
and hybrid couplers, provides a circular 
polarized pattern with ellipticity ratio 
of better than 2 db. over the frequency 
range and over an angle of ±60 deg., 

► Transistor Sampling Switch— New 
mode of transistor operation which per- 
mits its use for high-speed analog- 
voltage sampling at rates above 100 kc. 
was reported at IEEE convention by 
Secning Yce of Sperry Gyroscope Co. 
Silicon precision alloy transistor with 
an "off" state impedance of 1.000 
megohms is operated in what Ycc terms 
a “neutral mode" in which both emit- 
ter and collector current are directed 
into the transistor. When emitter cur- 
rent is limited to small values, the 
collector drop also is very low. Sev- 
eral hundred such switches can be con- 
nected in parallel, because of the very 
high open impedance of each device, 
and operated as a multiposition sam- 
pling switch. 

► Sprague Moves Into Microcircuits— 
Sprague Electric, one of the nation’s 
largest electronic component suppliers, 
is moving into the semiconductor micro- 
circuit field and hopes to have sample 
quantities available by this fall. Com- 
pany recently announced its entry into 
the thin-film microcircuit field. 

► Long-Lived Transistor— Not a single 
failure occurred during a total of 2.287.- 
96S hr. of life testing on the Philco 
2N2651 planar silicon transistor, com- 
pany says, despite the fact that 5657 of 
the tests were carried out with units 
operating above their maximum rating 
of 360 nnv. at 25C temperature and less 
than 15% were operated under maxi- 
mum rating. Subsequent high-stress 
tests above maximum ratings produced 
only four failures in 1,1 5 1,66S accumu- 
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POWER SUPPLIES 

AND 

LIGHT PUMPS 

FOR 


LASERS 



POWER SUPPLIES 



Model 320 - 10,000 volt with output to 
20,000 joules. 


PORTABLE LASER 
POWER SUPPLY 

with self-contained 
energy storage. 

Model 322-Completc, self- 
contained Power Supply 
and Energy Storage. Voltage continuously 
variable 0 to 3,000. Output to 800 joules. 




ENERGY STORAGE BANKS... 

available in units of 1,000 joules for use 
with the Power Supplies listed above. 


SPECIAL DEVICES... 

Model 3C-4000 Rotary Arc Quench for fast 
quenching. 

Model 30-4039 External Reflector 
Model 3C-4040 Rotary Disc and Mirror 
Assembly for "Q"spoiling or "Q”dumping. 


Write for further information 


ELECTRO POWERPACS, INC. 

A subsidiary of Hydra-Power Corp. 



12 Hadley Street 
Cambridge 40, Mass. 


lated hours, giving a failure rate of 
0.3596/1,000 hr., Philco says. 

► Army Seeks Silicon RF Amplifier- 
Industry proposals for 12-month re- 
search effort to develop a universal radio 
frequency amplifier on a single silicon 
chip arc due at Army Electronics Ma- 
teriel Agency, Fort Monmouth, N.J., by 
Apr. 29. Amplifier is to be designed to 
perform functions of a video amplifier, 
narrow-band amplifier, mixer and oscil- 
lator. An external crystal can be used 
for some functions, Army says. 

► Executive Communications— Recent 
survey of Raytheon executives reveals 
that they spend 90% of their time in 
some form of communications, com- 
pany says. Survey indicates that 35% 
is spent listening. 30% in talking, 16% 
in reading and 9% in writing. Raytheon 
has installed two-way, citizen-band radios 
in the cars of its executives to enable 
them to talk with their offices while 
driving between any of the company’s 
26 plants and laboratories in eastern 
Massachusetts. 


► Straws In The Wind?— Industry ob- 
servers, remembering that the first signs 
of semiconductor industry market sat- 
uration were price cutting and sell-offs 
of transistor operations, are speculating 
that the computer/data processing field 
may be reaching a similar situation. Re- 
cently, the Bendix Corp. sold its com- 
puter division to Control Data Corp. of 
Minneapolis, withdrawing from the 
commercial computer business. Packard 
Bell Electronics has just announced 
price cuts of as much as 57,000 on its 
PB-250 computer, a reduction of 171% 


from its former 540,000 price tag. Ear- 
lier, the company had cut prices on its 
expanded memory computers. General 
Mills. Inc., a comparatively late entry 
in the digital computer field, recently 
has decided to withdraw completely 
from the computer market. 

► Improved Polaris SINS Navigators— 
First of the improved SINS Mark-2. 
Mod.-2 inertial navigation systems for 
use on TO Lafavette-class Polaris sub- 
marines has been delivered by North 
American's Autonetics Div. Improve- 
ments include a new computer of en- 
larged capacity with trouble-diagnosing 
capability, improved integrating accel- 
erometers and gas-spin bearing gyros 
with a beryllium shaft. 

► Signed on the Dotted Line— Major 
contract awards recently announced by 
avionics manufacturers include: 

• Martin Co., Orlando. Fla.; Motorola, 
Chicago; and Radio Corp. of America, 
Camden. N. J., have been selected to 
develop random access communication 
systems (RADA) by Army Electronics 
Materiel Agency. Each company con- 
tract is for nearly 52 million. 

• Radio Corp. of America, Electron 
Tube Div., will build 72 klystron ampli- 
fiers for use in two-mile-long linear 
accelerator being built by Stanford Uni- 
versity under Atomic Energy Commis- 
sion contract. Each tube will deliver 24 
megawatts of peak power in pulses 24 
microseconds duration with a repetition 
rate of 360 pulses per second. Sperry 
Rand Electron Tube Div. also is build- 
ing same number of 24-megawatt klys- 
trons which will operate at 2,856 me. 
Total of 240 klystrons will be used to 
generate 10-20 billion electron volts. 


Chemical Source for Pumping Lasers Studied 

Los Angeles— USAF's Space Systems Div. is sponsoring development of a light- 

Proposals for the nine-month. 5,000-manhonr task were to be submitted last week. 
Philosophy behind the program is th3t optical masers (lasers) have reached a 

utilizing lasers, but that laboratory versions of lasers arc not feasible for a self- 
component complexity. 

Use of flash powders and explosives are seen by SSD planners as definite possi- 
bilities, utilizing either direct conversion of energy to laser pumping light or through 
an intermediate electrical energy stage. Such a pump source, SSD feels, would be 
light in weight, insensitive to severe environmental conditions, simple and handy for 
personnel use. Broad object of the program will be: 

• Development of a chemical energy source in the 1,000 to 10,000 joulcs-per-pulse 
range, incorporating simple, compact construction and repetitive operation near 
one pulse-per-scc. on the same laser crystal. 

• Construction of an engineering model of a chemically pumped ruby laser. 

• Investigation of extension of the basic scheme to energies near 100,000 to 1 mil- 
lion joules or higher. 

Contractor efforts will include at hast output energy pulse width of less than 
500 niicroscc. and laser operation for 5 min. on a few pounds of chemicals. 

optimizing spectral output by changing gas mixtures. 
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NOW . . . Ready Pack in 
ROLLS and SHEETS- 
KODAK Industrial X-ray 
Film, Types AA and M 
in listed sizes. 

9 No darkroom loading - film 
scaled in lighttight envelope. 

♦ Just place Ready Pack in posi- 

9 Film protected from dust, dirt, 
light, and moisture. 

4 In the darken. remove film 


North American Aviation, Inc., Los Angeles Division, 
designed a "Cherry Picker” for on-line radiography 
of parts and welds on supersonic aircraft 


Radiographic inspection of fusion welds is so important, North American Aviation 
designed a mobile x-ray truck. It was quickly dubbed the “Cherry Picker.” It 
can be maneuvered into confined areas, reach up twenty-seven feet and outward 
twelve feet. An X-15 fuselage or airplane’s honeycomb panel can be examined 
without being removed from the working jig. 


Radiography is increasingly important in proving the soundness of welds, of 
castings, of concealed assemblies. Companies large and small rely on radiography 
for assurance that only high-quality work is delivered — highly important 
maintaining the kind of reputation that attracts and holds business. It 
can work for you too. To find out how, contact an x-ray dealer or 
write us to have a Kodak Technical X-ray Sales Representative call. 



EASTMAN KODAK COMPANY 
X-ray Sales Division • Rochester 4, N.Y. 




The pilot and bombardier/navigator in the Navy’s A3J “Vigilante” attack 
bomber are protected at all times with SCOTT lifeguard equipment. Scott 
provides the pressure control and oxygen system that supports the Navy’s full- 
pressure suits worn by both crewmen, automatically controlling ventilation 
throughout the entire profile of the mission. Built-in emergency capability 
takes over automatically iruthe event of ship’s oxygen supply loss or air crew 
ejection. During ejection sequence, the Scott survival kit system rides with the 
man until safe altitude is reached. 

The “Vigilante” installation is typical of Scott’s capability in the research and 
development of versatile environmental control and life support systems to 
meet fast-changing requirements in aviation and aerospace fields. 

Find out how Scott can help you meet the challenge in the air and in the space 
beyond. Send for your copy of the free booklet: "Preparing for Tomorrow — 
Producing on Schedule Today.” 


NEW AEROSPACE PRODUCTS 


Angular Motion Compensator 

Angular motion compensator. Com- 
pcn-Thcta Model AAC-252R, is de- 
signed to improve accuracy of avionic 
and control systems by compensating 


for repeatable angular position errors. 

Unit has a series of adjustable cam 
mechanisms that function as precision 
variable shaft couplings. Device has 56 
radial adjustment points at 10-deg. 
intervals. Each point is independent of 
the others. Unit measures 5 in. in diam- 
eter and has a repeatable accuracy of 
±30 sec. over a total adjustment range 
of 2 deg. 

American Aerospace Controls, Inc., 
123 Milbar Blvd., Fanningdalc, N. Y. 

Miniature Hydraulic Pumps 

Scries 6S-000 miniaturized, variable- 
displacement hydraulic motor-pump 
package is designed to supply hydraulic 


power for aircraft and missile control 
systems. 

'Hie series includes 1, 3, 5, and 7 
piston variable displacement pumps 
driven by a.c. or d.c. motors. A typical 

psig., measures 6.6 in. in length, and 



weighs 4 lb. Units with pump displace- 
ment as low as 0.008 cu. in. per revolu- 
tion and discharge pressure of 5,000 
psig. are available. 

Over-all package efficiency is from 
61% to 64% at maximum flow rate, 
according to the manufacturer. 

Hydro-Aire Div. of Crane Co., 3000 
Winona Ave., Burbank, Calif. 


Air-operated Fluid Pump 

Portable fluid pump (CVP Dynair) 
for hydraulic system checkout and other 
applications develops 10,000 psi. fluid 




pressure from an air bottle charged to 

Air-driven reciprocating pump delivers 
two full pumping strokes for each 
operating cycle to supply fluid. Fluid 
pressure, directly proportional to air 
pressure, can be governed by an air regu- 

rcgulator has been set. Pump operates 
until discharge pressure is equal to the 
total force exerted by the large piston 
of the air motor. When discharge line 
pressure drops, the pump restarts and 
restores the pressure balance. 

Combination Pump and Valve Co., 
851 Preston St., Philadelphia 4, Pa. 
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BUSINESS FLYING 



Control Features Boost Wren 460 STOL 


By David A. Brown 

Ft. Worth— Excellent pitch control down to minimum flying speed of 
24 mph., coupled with a lateral control mechanism which reduces aileron- 
induced yawing at vet)' low airspeeds, give the Wren 460 bush airplane 
the capability of operating from 300- to 400-ft. landing and takeoff areas. 

Flown here recently by this Aviation Week & Space Technology pilot, 
the Wren, a short takeoff and landing development of the Cessna 182, 
showed adequate controllability in all axes through its entire speed regime. 

Wren embodies a modified version 

of the nose-mounted control surfaces a Cessna Skylane airframe fitted with 
developed by designer James L. Robert- double-slotted, Fowler-type flaps and a 
son for Army’s Transportation Research drooped leading edge on the wing. 
Command (AW May 28, p. 89) and has Movable vortex generators mounted 


atop the wing and interconnected to 
the ailerons damp aileron-induced yaw 
when the aircraft is operating at low 
speed, and they do not noticeably af- 
fect its performance at higher speeds. 

Wren Vice President-Production A. 
E. Morris flew in the co-pilot's seat 
during the flight from Ft. Worth’s 
Meacham Field. Wind was from the 
south at 6-10 mph. and the tempera- 
ture was approximately 35F. 

Internally, the Wren cabin is identi- 
cal to the original Cessna. Only change 
made has been installation of’ a push- 
pull control rod from the control col- 
umn forward through the firewall to 
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located on aircraft’s wing (right). 


Performance 

the nose-mounted ultra-low speed 
(ULS) control surfaces. 

Additional instrumentation consisted 
of an indicator for a Weather Bureau- 
type anemometer mounted on the right 
wing strut. The device provided ac- 
curate true airspeed readings in the 
low-speed range where conventional air- 
speed indicators are inaccurate. 

Flaps were lowered 30 deg., brakes 
were set and the 230-hp. Continental 
O-470-R engine was advanced to full 
power. Cruise trim setting was used 
tor takeoff. 

Brakes were held until some slippage 
was felt, then released. Positive rotation 


DOUBLE-SLOTTED, FOWLER-TYPE flaps (above left) arc shown in partially extended position with wing tip removed. Note drooped 
leading edge of wing. Articulated canard ULS surface is shown at right. Three-view (center) shows dimensions of the Wren. 
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was begun when the anemometer in- 
dicated an airspeed of 25 mph. and 
the Wren came off the ground im- 
mediately. Takeoff roll was about 125- 
150 ft. 

Brakes were applied to stop wheel 
shimmy, power was reduced to climb 
configuration (25 in. Mg. manifold 
pressure and 2,300 rpm.) and the flaps 
were eased up. Flap control is still the 
original Cessna floor-mounted lever. 
Flap settings on the Wren prototype 
are 15, 30 and 60 deg., although the 
flaps are capable of being extended to 
70 deg. Production aircraft will have 
flap settings of 20, 40 and 60 deg. 

Rapid Acceleration 

The aircraft accelerated rapidly as 
the flaps were raised. With the flaps 
fully up, the Wren flies and handles 
much like an unconverted Cessna. 
Robertson says there is approximately 
1% more frontal area on the Wren 
than on the original aircraft. This 
causes a drop in maximum speed of 
about 11 mph., but some of this — 
Robertson estimates about 6 mph— is 
regained through the use of drooped 
wing leading edges. 

Immediately after lift-off, the Wren 
climbed steeply with the nose slightly 
above the horizon. As the flaps were 
raised, the nose held about the same 
attitude, but the rate of climb decreased 
and airspeed increased. 


Major divergence from the uncon- 
verted Cessna noted during the first 
few minutes of familiarization flying 
was that the lateral control system was 
quite stiff and an unusual amount of 
force was needed to turn the control 

This did not reduce the effectiveness 
of lateral control, but it did make ma- 
neuvering the aircraft tiresome. Since 
the flight, ball bearings have been in- 
stalled in the aileron system to ease 
this problem and some of the tension 
has been taken out of the cables in 
the wing. 

With the flaps up, it was possible 
to hold the aircraft to about 60 mph. 
and maneuver comfortably. Flaps were 
then lowered 15 deg. and slow flight 
at 50 mph. was attempted. Maneu- 
verability remained good and the air- 
craft did not feel mushy or excessively 
heavy on the controls. 

With flaps lowered to 45 deg., 
flight control speed dropped to 40 
mph. and the feeling of adequate con- 
trol power remained. Aileron response 
rate showed tendencies of becoming 
noticeably slower at this speed, but 
it remained positive. 

With full 60-deg. flaps, the Wren 
maneuvered nicely at 30 mph. and 
would make tight 360-deg. turns in 
the 30-35 mph. speed range. It was 
possible to make a ISO-deg. turn in 
11 sec. without pulling excessive g- 


forces and to make a 360-deg. turn in 
19.5 sec. Turn radius appeared to be 
about 150 ft. 

Considerable maneuvering was done 
with flaps down, and the speed never 
exceeded 35 mph. During the slow 
flight work, the Wren maintained good 
lateral and pitch control and there were 
no detectable areas where control sur- 
faces were blanketed out or where con- 
trol force available was so low that 
safety was jeopardized. 

Stall Characteristics 

Care must be taken, in fact, to 
limit the amount of back pressure used 
on takeoff, since control force is suffi- 
cient to stall the aircraft with power 
on. With power off, the aircraft will 
not stall. Full back pressure on the 
control wheel with flaps down and 
power off will set up a slightly nose- 
high glide at about 40 mph. forward 
speed and a rather high rate of sink. 
Control response in the glide remains 
good, especially laterally. 

Power stalls were first attempted 
with flaps up and the engine retarded 
to 15 in. Hg. manifold pressure and 
2,200 rpm. The Wren stalled cleanly 
forward at about 42 mph. 

With 15-deg. flaps lowered, the 
aircraft stalled at 38 mph., again for- 
ward, and with 30-deg. flaps, it stalled 
at approximately 30 mph. 

Final stall was with full 60-deg. 


A frank message to a career-minded engineer: 


Ever said to yourself: “The day when 
a man could get in on the ground 
floor with an aerospace company 
and grow with it, is almost gone...” 
And you’d be right... almost... but not 
quite. Because one such opportunity 
actually does exist. 

LOCKHEED PROPULSION 
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flaps and the airplane fell through at 
24 mph. The Wren was maneuvered 
at 26 mph. (precise speed control was 
possible by flying with reference to the 
anemometer gate in the cockpit, pic- 
tured on p. 121), and was fully con- 
trollable. 

Again, aileron response rate was 
slower than at higher airspeeds but yaw 
tendency was not noted, even when 
aileron deflections were large. 

Of note during the slow flight work 
was the movement of four strands of 
yam tufting taped to the right wing 
strut. Airflow over the struts with full 
flaps was slow enough so that at times 
the tufts were hanging almost limp. 
An occasional turbulent gust would 
turn them forward, but these gusts 
apparently were not strong enough to 
affect stability, since they did not dis- 
turb the aircraft nor could they be felt 
in the controls. 

Wren Landing 

Landings were made both into the 
wind and into a slight crosswind from 
the left, although the breeze was so 
light as to be negligible. 

Aircraft was stabilized at 60 mph. on 
the downwind leg and trimmed nose 
high with flaps still up. First 15 deg. 
of flaps was lowered, which caused the 
nose to pitch down below the horizon. 
Aircraft then was retrimmed nose up 
and no further trimming was needed 


Wren 460 Specifications, Performance 


Performance and specifications of the Wren 460 and the unmodified Cessna 
182/Skylane series are listed below. Performance figures are for sea level, standard 
day, full gross weight, unless otherwise noted. Left and top figures in right column 
refer to 182. Right and bottom figures in that column refer to Skylanc. 


Wren 460 


Empty weight 1,595 lb. 

Useful load 1,205 lb. 

Gross weight 2,800 lb. 

No. of seats 4 

Fuel capacity 65 gal. 

(84 gal. optional) 

Top speed, sea level 160 mph. 

Cruise speed, 75% power, 6,500 ft. 153 mph. 

Minimum speed, power on 24-26 mph. 

power off 35 mph. 

Range, 7556 power, 60 gal 658 mi. at 153 mph. 

Rate of climb, sea level 972 fpm. 

Service ceiling 18,900 ft. 

Tikcoff distance, no wind 300 ft. 

2,200 lb. gross, 10 mph. wind. . . 150 ft. 

gross weight, no wind, over 50-ft. 

obstacle 500 ft. 

Landing distance, ground roll 200 ft. 

over 50-ft. obstacle 350 ft. 

Length 25 ft. 3 in. 

Height 10 ft 4 in. 

Wingspan 36 ft. 2 in. 

Wing area 175 sq. ft. 


Cessna 182/Skylane 


1,555/1,635 lb. 
1,245/1,165 lb. 
2,800 lb. 

65 gal. 

(84 gal. optional) 
167/170 mph. 
159/162 mph. 


685 mi. at 159 mph. 
695 mi. at 162 mph. 
980 fpm. 
18,900 ft. 

625 ft. 


1,205 ft. 
590 ft. 
1,350 ft. 
27 ft. 4 in. 
9 ft. 

36 ft. 2 in. 
174 sq. ft. 


Here at LPC there is plenty 
|lg|j# of elbow room in which an 
jj St ambitious engineer or scientist 
can flex his mental muscles. 
To move up— not sideways. To achieve posi- 
tions of higher responsibilities and more 
authoritative, more rewarding assignments. 

LPC is a young company in a still-young 
industry backed by the enthusiastic support 
of the entire Lockheed Corporation. And the 

I work is vital. Man always has 
been power-poor. Now more 
igr-w ^ than ever, as he reaches for the 
fVbA stars, he must climb by propul- 
sion power. As a member of the LPC team, you 
enter the heart of such advanced programs as : 
large solid propellant rocket motors, hybrid 
propulsion systems, ultra-high performance 
upper stages for space application, thrust 


vector control and solid propellant research. 
The Company’s location in Southern California 
provides an ideal growth envi- 
ronment. LPC is located in a 
rapidly developing aerospace 
center, only minutes away from 
two famous universities; and halfway between 
Los Angeles and world-famed mountain and 
desert recreation areas. 

scientists and ENGINEERS: Investigate open- 
ings in Visco-elasticity; Design Engineering; 
Proposal Engineering; Project Engineering; 
Propellant Development; Chemical Engineer- 
ing; Thermodynamics; Aerodynamics; Stress 
and Stress Analysis; Reliability Engineering. 

Write: Professional Employment Office, 
Dept. 5004, E O. Box 111, Redlands, California. 
An equal opportunity employer. 



COMPANY 


REDLANDS, CALIFORNIA 
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Systems Engineers . . . 

some plain talk about ground 
floor openings at Honeywell 


Honeywell has formed the nucleus of its 
weapons systems group and is now ex- 
panding its capabilities in this field. We 
have a competent group of experienced 
men. Hand-picked pros. We need more 
men just like them. It’s an unusual oppor- 
tunity for you if you qualify. You’ll get 
in on the ground floor with this group just 
as it’s beginning to blossom. 

We think you’d like it here . . . and stay 
Good systems men stay at Honeywell. 
We have one of the lowest professional 
turnover rates in the industry — less than 
half the national average. There are good 
reasons for it: 

Start with growth . . . 

Honeywell’s Ordnance Division has grown 
fast— but steadily and carefully. We’ve 
doubled our size every 3 years since 1954. 
We’re not an awkward young giant, or a 
one-contract wonder. 

Our systems men will make major con- 
tributions to the continuation of this 
growth and they know it. What’s more, 
management has committed itself to con- 
crete support of this weapons systems 
group and its mission. The door is open 
to you, too, if you’re qualified. 

You’ll get merit pay and promotions 
Good men like to set their own pace, and 
Honeywell lets them. We pay and pro- 
mote to recognize individual performance 
and progress. 

Although we know it’s not a primary 
consideration, our fringe benefits are com- 
petitive, too. Honeywell pays full tuition 
and book costs for advanced degree work. 
We offer insurance. Retirement. Stock 
purchase plans, etc. 


You’ll have professional freedom 

That could mean a lot of things in dif- 
ferent companies. At Honeywell, it means 
you’re on your own. We hire a man to do 
a job, not to tell him how to do it. One of 
the strongest incentives you’d have is 
tough competition. It replaces the con- 
fining supervision you find in many 
companies. 

You’d work with men who recognize 
and respect good work. You’d operate in 
a climate of true scientific professionalism. 

Think you would like Honeywell? 

The jobs listed below are typical 
of our present openings. 
Mathematical analysis-staff engineer-M.S. and 
Ph.D. in mathematics— 3 to 7 years' experience 
in applied mathematical analysis. Areas of re- 
sponsibility will include math modeling, air anal- 
ysis, optimization studies and techniques, 
statistics and linear programming and digital and 
analog computer analysis. Knowledge of tech- 
niques of military operations, research investi- 
gations is most desirable. 

Advanced Systems Development— staff engineer— 
B.S. and engineering degree— 6 to 10 years’ 
experience related to military tactical battle field 
missions. Intimate knowledge of Army, Marine, 
Air Force and Navy tactical problems necessary. 

zations and their field requirements is essential. 
Individual will work directly with engineering 
management in planning, scheduling, staffing, 
etc., for the weapons system group. 

If you’re qualified, write us. Mail a brief 
summary of your qualifications including 
salary requirements to: 

William W. Craven 
Honeywell Ordnance Division 
610 No. 2nd St. 

Hopkins (Minneapolis), Minnesota 
Or, call him collect in Minneapolis 
at WEst 5-5155 


Honeywell 

An equal opportunity employer 

To explore professional opportunities in other Honeywell locations, coast to coast, send your 
application in confidence to Mr. H. O. Eckstrom, Honeywell, Minneapolis 8, Minnesota. 



for the balance of the landing approach. 
More trim is needed than for a con- 
ventional Cessna, but once the trim 
is stabilized for the 1 5-deg. flap setting, 
it may be disregarded for the remainder 
of the approach. 

Flap deflection was increased to 30 
deg. at 400 ft. altitude and to 60 deg. 
at approximately 200 ft. 

The Wren holds a slightly nose- 
down attitude during the entire ap- 
proach, which gives the pilot a good 
field of vision. Power is held on until 
the airplane is ready to land and the 
aircraft is flown to the selected landing 
spot. There is no need to bleed off 
speed gradually during the approach, 
since the Wren will hold about 30 
mph. easily. 

Landing Procedure 

Power is reduced to idle as the air- 
craft is rotated for landing, and there 
is no tendency to float. Once the 
Wren's nose comes up, the airplane is 
committed to an almost instantaneous 
landing. However, it can be flown 
out under power any time before the 
flare is begun if the landing has to be 
aborted. 

Pilots will need some time to adjust 
to the Wren’s landing characteristics 
before they will be able to get the 
performance the company claims, al- 
though the claims themselves are prob- 
ably conservative. First is the psycho- 
logical barrier of flying at speeds of 
30-35 mph. on final approach. After 
that is overcome, some practice is 
needed to be able to flare the aircraft 
and retard the throttle for precise 
landings. 

As soon as the wheels touch, flaps 
are immediately raised to prevent the 
Wren from riding with the weight off 
the wheels, and brakes are applied. 
Braking intensity can be varied depend- 
ing on the amount of space available, 
but fairly hard braking is required for 
a maximum-performance landing. 

Short Stops 

Even with all this, impressively short 
stopping distances can be achieved 
from almost the first landing. Stopping 
distance of about 350 ft. was achieved 
on the second landing and distances as 
short as 200 ft. were attained after 
some practice. 

Approximately six landings were made 
and none of them took more than 500 
ft. to achieve a complete stop. Morris, 
who has done the test piloting work 
on the Wren, was able to land con- 
sistently in about 160 ft. from touch- 
down to stop. 

Rudder control remains positive 
throughout the low-speed regime, 
partly because of the 1 1-in. extension 
added to the top and partly because the 
movable vortex generators reduce the 
yawing tendency of the aircraft m a 


STANDARD CESSNA COCKPIT arrangement has been altered only by the addition of an 
anemometer gage (top center) which gives accurate low-speed true airspeed readings. There 
are no additional flight controls for the ULS surfaces. 


bank, so that less rudder is needed to 
compensate for it during landing. 

Robertson has been able to achieve 
the Wren’s slow-speed capability by 
making only five major changes in the 
basic Cessna, none of which involve 
the load-carrying structure, gross weight 
or engine. 

Vertical fin and rudder, as noted 
above, have been lengthened 1 1 in. 
Straight rudders will be standard on 
production models, rather than the 
swept Cessna design, because of their 
slightly better performance at low 

Small ventral fin, made of J-in.-thick 
aluminum, was added to increase the 
fin surface and to provide a tail skid 
in case the aircraft was flared or rotated 
too abruptly. 

On the prototype, panels were added 
to the fuselage aft of the cabin doors 
to give the aircraft— a 1958 Skylane— 
the same slab-sided fuselage that the 
production aircraft will have. Wren 
plans to use new Cessna 180/182s as 


the basis for production aircraft. 

Also on the prototype, twin trim tabs 
were added to the elevator to duplicate 
the arrangement found on the 182. 

Full-span, double-slotted. Fowler- 
type flaps were added to the wing, with 
the rear outboard section acting as the 
aileron in both the retracted and ex- 
tended positions. 

Doublers of .064-in.-thick aluminum 
were added to the rear wing spar at each 
of the four hinge points and A-in.-thick 
flap hinge support plates were bolted to 
the doublers. 

Flap Hinges 

An inset scaled bearing is located at 
the bottom of the hinge and the flaps 
work entirely on the hinges, without 
tracks or rails. Three pivot points are 
provided. Dead-center linkage moves 
the hinge so that the three pivot points 
are in line when the flaps are fully ex- 
tended. 

Controls are the standard Cessna 
cabin lever and pushrod arrangement. 
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THE CLASSIFIED ENGINEER 



ACTUALLY, THE 

STORY OF MY CAREER 
AT HUSHES BORDERS 
ON THE FANTASTIC 




You work on more of the at jobs at Hughes ! Plus a great many 

projects and programs we can mention. Like TFX(N)— Electronics, MMRBM — 
Mobile Mid-Range Ballistic Missile (Integration, Assembly & Checkout), Surveyor — 
Lunar Landing Vehicle, Syncom— Synchronous-orbit Communications Satellite, 
VATE— Automatic Test Equipment for ballistic missiles, BAMBI, Anti-ballistic 
missile systems— and many others. Positions are open at all levels for specialists 
with degrees from accredited universities and U.S. citizenship. 




with two outboard spools added to the 
flap control cable. 

Aileron on the prototype is counter- 
balanced by a weight on an arm ex- 
tended forward under the wing. In the 
production version, this will be done 
with a mass counterbalance in the 
aileron leading edge. Counterbalance 
will be 110%. Conventional aileron 
control is used. 

Vortex Generators 

Movable vortex' generators (tailed 
Wren's Teeth by the company) are 
linked to the ailerons by a direct 
push-pull control rod which works over 
a dead-center linkage so that the vortex 
generators move only with up-aileron. 

They are flat pieces of aluminum 
slanted outboard 30 deg. from the 
wing’s upper surface (see three-view, 
p. 117). Normally, the vortex generators 
face into the airflow across the wing. 
When up-aileron is applied, they pivot 
so that the forward edge moves out- 
board toward the wing tip and the trail- 
ing edge moves inboard. 

This not only causes turbulent air- 
flow over the rear upper-wing surface 
and increases aileron effectiveness, but 
also creates drag to counter-balance the 
drag generated by the low aileron on 
the oppoiste wing. Yawing tendency 
created by this aileron drag is thereby 
reduced. 

Robertson estimates that the ailerons 
would begin to lose their effectiveness 
at about 45 mph. without the vortex 
generators. With them, he says, the 
ailerons remain effective through the 
airplane's 24-mph. stall speed. 

Leading Edge 

There are no structural changes for- 
ward of the rear wing spar, but the 
leading edge of the wing has been in- 
creased to about twice its normal radius 
by adding a .040 aluminum glove at 
about the 1% chord line on the top 
of the wing and making the leading 
edge of the wing droop slightly. 

This method of reducing the air- 
craft's stalling speed was chosen over 
the more complicated slat arrangement 
because it is simpler and constantly 
operating. There is no speed at which 
it ceases to be effective. 

It is not as efficient as slats would be, 
but Robertson says it is good enough 
for Wren’s needs and that it does not 
have a tendency to give asymmetrical 
lift, as slats occasionally do. 

The increased diameter gives laminar 
flow characteristics back to about the 
30% chord point. Robertson said a 
normal wing will stall at about a 15- 
deg. angle of attack. One with a slat 
arrangement will stall at about a 35- 
deg. angle of attack. The Wren wing 
falls in between these two extrenres, 
stalling at approximately a 28-deg. 
angle of attack, he said. 


Ultra-low speed controls, mounted 
immediately behind the propeller to 
make use of the slipstream in providing 
pitch control at low speed, are of single- 
spar construction with .032 wrap-around 

Single spar of 4130 chrome alloy 
attaches to triangle side frames located 
beneath the engine cowling. Side 
frames are jointed by a center wishbone 

Entire system, including the push- 
pull tod extended through the 6 rewall, 
weighs about 33 lb. 

Two two-side frames attach directly 
o the engine mount with four bolts. 


board end of the spar, to hold the 
control surface on. Wishbone is at- 
tached to the engine mount with two 
bolts and takes the lateral loads. Side 
frames take the vertical loadings. 

Control surface is articulated by 
means of a linkage which holds the 
second movable section of the control 
surface at a given distance from the 
linkage’s pivot point. End cap is 
balsa wood on the prototype, but will 
be plastic on the production aircraft, 
Robertson said. 

The canard ULS surfaces are forward 
of the aircraft’s center of gravity and 
work in opposition to, but in conjunc- 
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ENGINEERS / SCIENTISTS / PHYSICISTS / MATHEMATICIANS 



If your capabilities and ambitions are 
guidance oriented, we invite your immediate 
inquiry. As the following list of requirement 

Systems Engineers/Circuit Designers/ Logic 
Designers/Systems Analysts/Programmers/ 
Packaging Engineers/Rotary Component 
Designers/Systems Test Engineers/ Materials 
& Component Engineers/Test Equipment 
Designers/Manufacturing Prototype 
Development Engineers/Reliability Engineers/, 
Quality Control System Engineers. 

And remember, you and your family will enjoy 
Florida’s Suncoast living. To learn more 
about how YOUR career can GROW at 
Honeywell, write, in confidence, to Mr. M. H. 
Keese, Honeywell, 13350 U. S. Highway 19, 

St. Petersburg, Florida. We'll reply promptly. 



Honeywell 


HONEYWELL ENGINEERS ARE DOING THINGS IN FLORIDA 


estimates they provide about a 660-lb. 
upload and increase the total lift of 
the aircraft about 32%. Download on 
the horizontal tail required to balance 
the aircraft is reduced from approxi- 
mately 300 lb. to about 100 lb. 

Wren plans to purchase new 180/182 
aircraft from Cessna dealers, paying 
standard market prices, since Cessna 
has a marketing agreement with its 
dealership organization not to sell direct 
from the factory to anyone except a 
govern menr&rganSaliori. 

Aircraft will be flown to Wren’s pro- 
duction facility— currently located at 
Meacham Field— and modified. Since 
space here is limited. Wren has been 
considering larger production facilities. 
Current manufacturing space would per- 
mit production of only about 10-15 air- 
craft per month. 

Entire development program has 
been privately financed by Robertson, 
Morris and E. H. Pickering, vice presi- 
dent-marketing, who formed the com- 
pany early last summer. Robertson has 
applied for patent rights on the control 
system. 

Morris has flown extensively in South 
America, where he engaged in back 
country aircraft charter work, and much 
of the design of the 460 reflects his ex- 
perience. 

Inteiest has been shown in the Wren 
by Cessna, and that company now has 
a report in hand recommending the 
modification of one or two Cessna 205 
aircraft. 

The Air Force and Army may be in- 
terested in the modified aircraft. 

It is possible that if the Army's fleet 
of 0-1 E (L-19) Bird Dog aircraft were 
fitted with the Wren control system, 
their useful life would be considerably 
increased. 

Federal Aviation Agency certification 
is expected this summer by the com- 
pany. Sales, at first, will "be handled 
directly from the factors', with empha- 
sis initially on domestic and South 
American markets. Tentative plans call 
for a South American sales tour during 
August and September. 


PRIVATE LINES 


Mooney Aircraft dollar volume for 
the first quarter of Calendar 1963 is up 
46% over the same period of 1962. In- 
crease is attributable largely to addition 
of the Mooney Master fixed-gear version 
of the Mark 21 to its line. Between 
Jan. 1 and Mar. 1 5, Mooney delivered 
60 Masters and 90 Mark 21s. 

Private heliport will be constructed 
by Franklin Engine Co., Syracuse, N.Y., 
adjacent to its factory, to" facilitate test 
installation of Franklin engines in vari- 
ous model helicopters. At present, en- 
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gines arc being shipped to modification 
centers for installation. Once helicop- 
ters can land at the Franklin factors’, 
the company will undertake engine 
retrofit work on older helicopters. 

"Starting and Managing an Aviation 
Fixed-Base Operation" is a new book- 
let available through the Small Busi- 
ness Administration, Washington. SBA 
points out that fixed-base operators are 
eligible for agency loans up to S350.000. 

General aviation malfunctions and 
defects reported to the Federal Aviation 
Agency rose 45% in 1962, the FAA has 
reported. In 1962. 5,660 malfunctions 
or defects were reported, compared with 
3,897 in 1961. Rise in the number of 
defects reported was largely due to 
added emphasis by FAA on such reports 
being made, rather than because of 
added malfunctions, the FAA said. As a 
result. 39 mandatory Airworthiness Di- 
rectives were issued along with 506 
manufacturers sendee instruction or rec- 
ommendation reports. 

Full-scale mockup of the de Havilland 
Dll-125 twin-turbojet executive trans- 
port has been airfreighted bv Seaboard 
World Airlines to Timmins Aviation, 
Ltd., in Montreal, where it will be as- 
sembled and decorated for exhibit in 
the next National Business Aircraft 
Assn, convention in Houston. Sept. 24- 
27. Timmins is Canadian distributor 
for the Dll-125. 

Lycoming T5309A and T5309B gas 
turbine engines, commercial versions of 
the T53-L-9 and -9A respectively, have 
received Federal Aviation Agency certi- 
fication. Both are scheduled for use in 
the Bell 204B helicopter. 



Attitude Indicator 


Two-axis helicopter attitude indicator with 
turn and bank needle and ball is being mar- 
keted by I.car Sicgler. Inc. Model 4005T 

operate from either 5- or 28-v. power supply. 
Pitch trim is provided up to 10 deg. nose 
np or 20 deg. nose down. 


Aeronautical Engineers : 


If you want to do research work 
on advanced aircraft concepts 


Join the TRECOM team 


Yes, we stressed AIRCRAFT because we-the Army’s 
Transportation Research Command (TRECOM )— want to hear 
from only those engineers who are truly interested in research- 
ing the future of subsonic airborne vehicles. No satellites, solar 
probes or moon rockets for us-just high performance heli- 
copters, VTOL and STOL aircraft, and exotic individually-con- 
trolled airlift vehicles. 

".lust” the sort of subsonic aircraft that will be extensively 
needed for troop transport, surveillance, logistics, and special 
missions-mnny of which will have a bright future on the com- 
mercial marketplace as well. Here arc some of the projects in 
the works at TRECOM today: 

• A flexible wing vehicle capable of being packed into a para- 
chute-sized space will be used by airborne combat troops for 
speedy, directed attack. • The XV-4A VTOL aircraft uses 
the jet ejector principle for carrying two men at high subsonic 
speeds. • A new Hot Cycle Pressure Jet Rotor System repre- 
sents a revolutionary technique for increasing helicopter 
speed and payload. • Small rocket lift devices (Rocket Belts) 
have been tested by propelling a man through a series of 
low-level maneuvers. 



ARMY XV-4A JET EJECTOR VTOL RESEARCH AIRCRAFT 


We are a small, but expanding group of ■ Aerodynamics 
aviation specialists who live and work • Propulsion 
right in the heart of Virginia's beautiful • Structures & Materials 
and historic Tidewater Virginia— within • Dynamics 

a 15-mile radius of Williamsburg, James- • Stability & Control 
town and Yorktown. Already we have • Aircraft Subsystems 
more demands on our research time than • Advanced 
we can meet, and have immediate need Configuration Design 
for engineers experienced in: • Flight Performance 

If you arc interested in basic and applied aeronautical research, please submit 
tion (available at any Post Office), to Mr. L. B. Epps. Civilian Personnel Officer. 


^ U.S. ARMY SSSSS’. S5£L„ 

atrecom 

Fort Eustis, Virginia 
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Assignment : 

Probe, produce, prove . . . 
for all aerospace projects USAF 


The urgently Important mission of developing, acquir- 
ing and supporting all aerospace systems for the Air 
Force calls for talents of the highest order. The Joint 
Professional Placement Office has been given the 
responsibility of coordinating specific needs for the 
superbly trained and qualified specialists who share 
the burden of this vital mission. These outstanding 
people find, through JOPPO, their place in the civil- 
ian-military team of the Air Force Systems Command 
and the Air Force Logistics Command. 

The scientists, the engineers, the people of dozens 
of different disciplines who take part in these pro- 


grams, feel the sense of urgency that calls forth the 
fullest utilization of their talents. At 28 different in- 
stallations across the country, JOPPO places these 
people in challenging situations that have the addi- 
tional advantages of full Civil Service benefits. 
Personnel policies provide for maximum possible 
freedom of expression and exchange of ideas — hon- 
orary, academic and cash awards for individual ac- 
complishments plus opportunity for advanced study. 
The AFSC and AFLC are now staffing the positions 
below. A BS, MS or Ph.D. degree is required for each, 
as well as appropriate experience in the areas noted. 


FLUID FLIGHT MECHANICS 

Will be responsible for monitoring, reporting and assisting in 
the solution of performance problems of advanced aircraft 

INSTRUMENTATION AND CONTROL 

Position requires versatile background in Electronic Engineering 
applied to advanced inertial guidance systems. Must have 
maturity and background to deal directly with contractors. 
RANGE INSTRUMENTATION 
Will work on all aspects of sophisticated missile range 
instrumentation. Must have extensive background in telemetry 


PROPULSION AND POWER 

Responsibilities will include resolving complex problems of 

MATERIALS 

Activities will encompass the mechanical design and direction of 
new or novel. Will have responsibility for proper choice of materials. 

ELECTRO-MAGNETICS 

Will have intensive experience in the Electro-Magnetic technology, 
electronic systems? * 

SOLID STATE DEVICES 

Must have thorough understanding of solid state design 

design and development of advanced components and subsystems. 

SYSTEMS MANAGEMENT 

Will be responsible for major aspects in the management of 
advanced systems development. Must show demonstrated 
managerial ability. 

Other select openings are available in Flight Systems, Data 
Processing, Procurement and Wire Communications. 

Send resume and/or Civil Service Application (SF57) in full 

AFSC-AFLC Joint Professional Placement Office 

527 Madison Avenue, Dept. 2, New York 22, N. Y. 

An Equal Opportunity Employer. 


AFSC/AFLC 

'joint professional' 
I PLACEMENT OFFICE , 


WHO'S WHERE 


(Continued from page 23) 

In ihe Front Office 

Raymond D. Kelly has been named to 
represent the Air Transport Assn, on the 

transport Systems Analysis Team. Mr. Kelly 

is director of technical development. 

Col. Gerald J. Dix, commander, Tactical 
Air Command's 1st Air Commando Group, 
Ilurlburt Field, Fla. 

Dr. Frederick A. Muckier has been ap- 
pointed by the National Aeronautics and 
Space Administration to its Research Ad- 
visory Committee on Control. Guidance and 
Navigation. Dr. Muckier is a senior staff 
scientist in the human factors department of 
Martin Co.'s Electronic Systems and Prod- 
ucts Div. 

Honors and Elections 

Vernon R. Rawlings, vice president of 
Martin Co.'s Baltimore facility, has received 
the first Air Force Achievement Award for 
Ins outstanding contribution to the deter- 
rent strength and security of the United 
States and the Free World by insuring 
timely activation of the Titan 1 and Titan 
2 weapon systems." 

Gen. Thomas Dresser White (USAF, ret.) 
has been named the 1963 recipient of the 
General William E. Mitchell Memorial 
Award which is presented annually to "the 
United States citizen making the outstanding 
individual contribution to aviation progress." 

Changes 

Dr. Arthur H. Benner, director of engi- 
neering-military systems, Lockheed Elec- 
tronics Co., Plainfield, N. J. 

C. R. Rao. appointed Middle East repre- 
sentative for the International Civil Aviation 
Organization with offices in Cairo, Egypt. 

James G. Houser, director of advanced 
programs for Martin Co.'s Orlando (Fla.) 
Div., and John P. Butterfield, executive di- 
rector of technical operations. Also: Hugh E. 
Webber, director of research; Dr. Aldcn 11. 
Ryan, head of a newly established develop- 
ment unit; Dr. C. D. Pierson, Jr., technical 
director-reliability and maintainability. 

Fred W. Wolcott, head of the newly es- 
tablished Systems Engineering Directorate, 
Research Analysis Corp., Bethesda. Md. 
Also: Dimitri M. Gallik and Bernard S. 
Becklcr, operations analysts at RAC. 

R. Henry Lesser, manager, Range Instru- 
mentation Laboratory, Western Develop- 
ment Laboratories of Philco Corp., Palo 
Alto, Calif. 

Douglas Epps, manager. Digital Systems 
Dept., Canoga Electronics Corp., Van Nuys, 
Calif. 

Rollin Gillespie, chief of Planetary Mis- 
sions Planning. Office of Manned Space 
Might, National Aeronautics and Space Ad- 
ministration, Washington, D.C. 

Roger Lee, administrative director. Tele- 
computing Corp.'s Electronic Systems and 
Data Instruments Divisions, North Holly- 
wood, Calif. 

Harold E. Shigley, value analyst. Pro- 
curement Dept., Beech Aircraft Corp., 
Wichita, Kan. 



An Important position is available for a man with expe- 
rience in gas dynamics, chemical kinetics and heat trans- 
fer as applied to rocket motors. Work, both analytical and 
experimental, will be in the following areas: 

• Thrust vector and thrust magnitude control by second- 
ary injection. 

• Exhaust nozzle recombination. 

• High and low pressure combustion processes. 

• Investigation of novel techniques for control of high 
heat flux. 

Projects are of the long-range sustained type and have 
strong management support. Contributing efforts by ex- 
perienced specialists with complementary skills are 
readily available. 

Aerodynamic and gas dynamic facilities are excellent and 
will be further improved with the completion of a new 
rocket test facility. One of the nation's largest analog and 
digital centers, which is a part of the Laboratories, offers 
mathematical analysis, computational and data reduction 
services. 

Since we are interested in an outstanding individual, 
salary will be commensurate with experience and ability. 
A requirement is an M.S. degree or equivalent experience. 


Write or call Mr. E. F. Ciriack COLLECT : Area Code 203, 
528-4811, Extension 7145. 


Research laboratories 

u .... 



an equal opportunity employer 
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AVIONICS 

ENGINEERS 

ITT Federal 
Laboratories 
Awarded Navy 
Contract for 
Next- Generation 
Shipboard 
TACAN System 



systems mandatory. 

SENIOR ENGINEERS 

Must have demonstrated ability to lead development and produc- 
m^re^th^rodurt a'^^listrtin the^^crr^ifa^vere 0 "* \d 


SHSis 

S?3i 

you can choose from scores of nearby suburban communities 
offering excellent value in housing, modern schools, shopping 
centers, N"-* 1 M ~* ■ ..... 

setting for 


ITT FEDERAL LABORATORIES 

500 Washington Avenue, Nutley 10. New Jersey 

An Equal Opportunity Employer 


FOR 

INFORMATION 

about Classified Advertising 


contact the McGraw-Hill 



DALLAS, 2 J. Grant 

1712 Commerce St., Vaughn Bldg. 


'""--“'XL'S,., 
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ENGINEERS • SCIENTISTS 





★ toeTr^ter"relaUOTiMps on »ucA p^o^otmm'aKJuS^TITAN, 

MINUTEMAN, NIKE-ZEUS and olher classified projects. 

Openings Exist in the Following Areas: 


THERMODYNAMICS 

• Heal Shield Analysis S Design 

• Temperature Control Systems 

• Hoc ket Nozzles 

GUIDANCE & CONTROL 

• Space Flight Mechanics 

• Astro/ Inertial Guidance 

• Attitude Control Systems 

• Gas, Hydraulic, Electro-Mechanical 
Servos 

MATHEMATICS 

• Applied Analysis 

• Optimization 

• Numerical Analysis 


SPACE FLIGHT-TEST 
TECHNOLOGY 

• Thermodynamics 

• Aerodynamics 

• Trajectory Analysis 

• Test-Range Technology 

AERODYNAMICS 

• Theoretical Aerodynamics 

• Aerodynamic Design 
& Development 


GROUND TEST 
& EVALUATION 

• Quality Assurance Engineering 

AEROSPACE 
VEHICLE DESIGN 

• Re-Entry Vehicle 

• Air/Space Frame Studies 
Configuration Studies 

• Structural Design 

• Test Vehicles 

• Recovery Vehicles & Systems 

• Facility Design Engineering 

MATHEMATICAL & 
ANALYTICAL ANALYSIS 

• Statistical Theory ot Design 


HUMAN FACTORS 




Why you should, send 
fox* this paper 


The field is still in its infancy . . . but not 
for long. 

From a strict systems point of view, the 
problems are varied and unusually com- 
plex. Meeting them on a daily basis are 
the scientists and engineers of ITT- 
Intelcom, Inc., a compact, new organi- 
zation formed by ITT in November. 1962, 
to pursue satellite communications sys- 
tems studies on an exclusive basis. 

To learn more about the immediate and 
long-term challenges of this work, write 
us for a reprint of a paper written by 
Dr. W. M. Duke. President of ITT-Intel- 
com. Originally presented at the 1962 
Air Force Association annual convention, 
it offers an illuminating discussion of op- 
erational system criteria and alternative 
conceptual approaches to communica- 
tion satellite systems. 

Along with the reprint, we will enclose 
data sheets outlining positions currently 
open at Intelcom. If you are interested 
in immediate consideration for employ- 
ment, kindly enclose a complete resume 
with your reprint request. Otherwise, 
merely ask for the reprint and we'll be 
glad to forward it to you without 
obligation. 

IMMEDIATE OPENINGS 
Communication Traffic Engineering 
Communication Transmission Systems 
Communications Theory 
Large-Scale System Operations Analysis 
Low Noise Receiver & Transmitter 
Design 

Modulation/Demodulation/ 
Anti-Jam Techniques 
Operations Research 
Reliability Mathematics/Statistics 
Spaceborne Power Supplies 
Spacecraft and Ground Antenna 
Theory and Development 
Spacecraft Mechanical & 
Dynamic Systems 



201 Lowell St., Wilmington, Mass. 


Address your request or resume in con' 
fidence to Mr. H. T. Curran, Box 19-WN 
ITT-Intelcom, Inc., 5817 Columbia Pike, 
Bailey's Crossroads, Virginia. (15 min. 
from downtown Washington, D. C.) 
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ENGINEERS & SCIENTISTS: IMMEDIATE OPENINGS IN INERTIAL GUIDANCE 


MINS* 

is smaller than this page. 

One of the world’s smallest, lightest 
weight inertial platforms, it is only one of 
many projects now under development at General Precision 
Aerospace. Long a leader in inertial guidance systems -the 
first inertial guidance system was developed in 1949 and the 
first flight test followed in 1954— General Precision Aerospace 

is today one of a handful of companies in the nation with full in-house capability 
to design, develop and provide systems management for complete celestial inertial 
guidance and control systems. □ Talented engineers are needed now to actively 
participate in a wide range of inertial guidance programs ... men who can rapidly 
move up to Task and Project Management positions. Fast paced activities range from instrumen- 
tation systems for re-entry vehicles ... to advanced marine and avionic guidance ... to accelerated 
flight test programs on MMRBM (Mobile Mid-Range Ballistic Missile) ... to new, hybrid stellar 
inertial guidance systems. □ There are immediate openings for : SYSTEMS SYNTHESIS — SR. ANALYSTS 
□ ANALOG PROGRAMMERS □ ELECTRO-OPTICAL SYSTEMS ENGINEERS D MISSILE FLIGHT CONTROL 
ENGINEERS — ADAPTIVE/OPTIMAL □ ADVANCED PROGRAMS — PROGRAM MAN- 
AGERS & SR. STAFF ENGINEERS □ GUIDANCE & NAVIGATION SYSTEMS — 

PROJECT ENGINEERS □ FLIGHT TEST ANALYSIS & PLANNING — PROJECT 
ENGINEERS □ TELEMETRY — SYSTEMS — PROJECT ENGINEERS □ RELIA- 
BILITY & QUALITY ASSURANCE. A formal resume is not required; just tell us 
briefly about your currentwork and special interests. We will contact you promptly. 

Write to Paul Kull, General Precision Aerospace, Little Falls, N. J. Dept. 2D 



©HKIIIGSAL I 
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KEARFOTT DIVISION 
GPL DIVISION 
SYSTIMS DIVISION 
RESEARCH CENTER 
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OPPORTUNITY IN 

Missile & 
Gas Turbine 
Engineering 

at LYCOMING 


MISSILE & 
AIRCRAFT 
ACCESSORIES 
ENGINEERING 

• Project Engineers 

• Assistant Project Engineers 

• Electronics Engineers 

• Liaison Engineers 

• Value Analysis Engineers 

• Depot Maintenance Engineers 

• Design Engineers 

GAS TURBINE 
ENGINEERING 

• Metallurgists 

• Welding Engineers 

• Heat Exchange Specialists 

• Aero-Thermodynamicists 

• Engine Test Engineers 

• Performance Engineers 

• Stress Engineers 

• Control Engineers 

• Publications Engineers 


Send complete resume including 
salary requirements to 

Mr. Harry A. Stone 


Lycoming 



Electronics is 01111 

m 

Bel! Aerosystems Co. 

Avionics Division Currently Grossing s 30 Million 

POSITIONS OPEN NOW WITH 
THIS GROWING DIVISION 

ics Division's current dollar volume represents a 6-fold increase over the past 
his growth attests to Bell's capability in the field... and projects a bright 
creative Electronic Engineers at Bell. 

reed Systems, and Advanced 
Air Traffic Control. Visual 
,r. Inertial Instruments and _ 


actions have been established recently: Advanced S; 


Navigation and 


s. battlefield air tr 




CEO SYSTEMS SY 
ATION ENGINEER 





BELL AEROSYSTEMS CO. 


An Equal Opportunity Employer 
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DIRECTOR 
ADVANCED SYSTEMS 
RESEARCH to $30,000 

An executive of outstanding profes- 
sional accomplishment is sought, 
who will organize, plan, guide and 
direct research programs covering 
the spectrum of the aerospace 



Clans. so. NY. 
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LETTERS 


Leader of the Band 

My name is McNamara. 

I'm the leader of the Band. 

Since survival is our business, 

We will always take a stand. 

To buy performance, or do the job, 

Is the question to be faced. 

The costs arc huge, the future grim. 

If the frills can’t be erased. 

Why buy a Bird that docs a job 
That’s done by many others? 

Or one that's oversexed (or overpriced) 
In relation to its brothers? 

Ask what you get for what you pay. 

And what’s the weapon’s rofe? 

Performance for its own sake 
Can never be the goal! 


Aviation Week welcomes the opinions 

letters to the Editor. Aviation Week. 
3110 W. 42nd St., ISetc York 36. /V. Y. 

Try to keep letters under 500 words and 

not print anonymous letters, but names 
of writers will be withheld on request. 


Commonality 

Is it true that Mr. McNamara is about 
to announce a $20 billion contract with the 
Texas Barge and Boilerplate Corp. for a high 
commonality heavy tank-aircraft carrier? I’ve 
heard that lie expects to save at least $5 bil- 
lion by selecting a company with experience 
in this type vehicle. According to my source, 
McNamara expects shortly to convince the 
Naw that it will float, in spite of Archimedes 
and 10 source selection boards. 

John Ogle 
San Jose. Calif. 


Advancing Schedules 

With the successful completion of the 
fourth Saturn research and development 
flight, and the impending launch of the 
Gemini spacecraft, a question comes to 

The Saturn 1 launch vehicle can put 
20,000 lb. into a near-earth orbit. The 
Gemini spacecraft weighs 7,000 lb., and is 
capable of two weeks stays in earth orbit. 
With a Gemini spacecraft mounted atop 
a Saturn 1. some 13,000 lb. will be avail- 
able to inject the Gemini on a circumlunar 
mission. This circumlunar flight could have 
a perilunc of several hundred miles altitude 
to avoid lunar impact, and midcoursc guid- 
ance could be furnished by DSIF as in the 
successful Mariner 2 mission. Furthermore, 
it could be accomplished by the end of 1964 
which is several years ahead of the present 
schedule using the Saturn 5 vehicle. 

Of course, additional heat shield material 
would have to be added to the Gemini for 
superorbital entry. However, only 10,000 
out of the available 13,000 lb. would lie 
necessary for translunar injection. 

The question is: why don’t we attempt 
such a mission? 

Don McAllister 
Research Specialist 
Space and Information Div. 
North American Aviation, Inc. 


Querying MATS 

I am a subscriber to your fine magazine 
and have enjoyed reading the “Letters to 
the Editor" section especially. 

Having been a flight navigator, both mili- 
tary and professionally, for the past 18 years, 
I wonder if I may be permitted to ask a few 
impertinent questions relative to the Mili- 
tary Air Transport Service (MATS)? 

• Why does MATS dislike civilian air car- 

• Why can a commercial air carrier fly 
MATS’ routes at less cost than MATS? 

• Why has MATS run out of funds for “call 
business" for the last quarter of this fiscal 
year? 

• Does MATS realize that there are many 
flight crews on furlough, both on the East 
and West coasts, because of the lack of 
“call business?" 

• Considering the number of furloughs that 
flight crews are susceptible to because of 
erratic and inconsistent MATS business, 
where are the airlines going to obtain flight 
crews to fly MATS routes in case of a na- 
tional emergency? Is MATS so naive as to 
think that civilian flight crews are going to 
accept recalls from furloughs so that they 
may fly into combat zones during a crisis 
when they did not have the opportunity to 
fly during normal times in order to earn a 

If any responsible MATS official would 
care to answer the above questions, I would 
be most interested in learning the answers. 

John Mottolese 
Flight Navigator 
Wantagh, L. I., N.Y. 


Peter Schwartz 
Inglewood. Calif. 
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NEW, IMPROVED SERVO MOTORS 

to Help Solve Special Servo Problems 

Do you have a particular servo motor problem such as Power 
Consumption? Torque? Starting Voltage? High Temperature? 
Efficiency? Single Phasing? Length? 

Let Clifton Precision help you solve it! 

The new Clifton motors feature more torque for considerably 
ISS power input. This results in a more efficient and cooler 
running motor. 

Acceleration is increased up to 160,000 rad/sec 1 at between 2 
and 3 watts per phase. This is such an improvement that in certain 
motor generator requirements a new Clifton motor will now suffice. 
Starting voltage in our new motors is now guaranteed to be 1%. 
New heat resistant materials and improvements enable tt 
motors to withstand 200 C C plus. 

Call Clifton for your special or standard st 

CLIFTON PRECISION PRODOCTS CO., INC. 

Clifton Heights, Pa. Colorado Springs, Colo. 
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Patrolling the seas— 
a regiment of 
sentries, armed and 
fuzed byAvco! 


A fleet of nuclear submarines cruising 
somewhere beneath the Seven Seas is keeping 
a watchful eye on Peace. Each submarine car- 
ries sixteen Polaris missiles — powerful sen- 
tries — whose arming and fuzing systems were 
designed and manufactured by Avco. 

Avco’s Ordnance Division works as a team 
with the Naval Ordnance Laboratory to de- 
velop the detonation equipment for these 
fleet ballistic missiles. Their joint efforts were 
proved on May 6, 1962, when the United 
States successfully test-fired a “live” Polaris. 

Avco received the U. S. Navy’s coveted Cer- 
tificate of Merit for its work on Polaris. Avco 
is proud to have a part in this important de- 
fense program as well as other missile pro- 
grams to which it is contributing some of its 
arming and fuzing know-how. 

For more inf ormation about Avco’s capabili- 
ties in arming and fuzing and related ordnance 
fields, write: Director of Marketing, Ordnance 
Division, Avco Corporation, Richmond, Ind. 


UNUSUAL CAREER OPPORTUNITIES FOR QUALIFIED SCIENTISTS AND ENGINEERS. .. 
REGARDLESS OF RACE. CREED, COLOR. OR NATIONAL ORIGIN . . . WRITE AVCO/ORDNANCE TODAY. 



